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(54) SEPARATOR FOR SOLID HIGH MOLECULAR ELECTROLYTE FUEL CELL AND MANUFACTURE 
THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of manufacturing a 
separator for a solid high molecular electrolyte fuel cell for 
miniaturization and weight reduction thereof while improving the 
corrosion resistance of the separator at a low cost. 
SOLUTION: This separator 30 is formed of a separator base material 31 
and a coating layer 35 coated on the separator base material 31. The 
coating layer 35 has a multiple layered structure formed of two layers or 
more of a low electrical resistant layer 34, a corrosion resistant layer 33 
and a peeling resistant layer 32. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the cell stack constituted by carrying out the laminating of two or more cells which consist of 
solid-state polyelectrolyte film, and the anode electrode and cathode electrode which are arranged to both sides 
of this solid-state polyelectrolyte film. In the separator of the solid-state polyelectrolyte mold fuel cell which is 
inserted between said cells and used within this cell stack said separator It is the separator of the solid-state 
polyelectrolyte mold fuel cell which consists of a separator base material and a coating layer covered on this 
separator base material, and is characterized by said coating layer having the multilayer structure which consists 
of more than two-layer [ of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, 
or the peeling resistance layers ]. 

[Claim 2] It is the separator of the solid-state polyelectrolyte mold fuel cell characterized by the ingredient of a 
separator base material being any one kind or its composite material in stainless steel, copper and a copper 
alloy, aluminum and an aluminum containing alloy, titanium, and a titanium alloy in the separator of a solid-state 
polyelectrolyte mold fuel cell according to claim 1. 

[Claim 3] The separator of the solid-state polyelectrolyte mold fuel cell characterized by having prepared the 
corrosion-resistant layer in the lower layer of said low electrical-and-electric-equipment resistance layer, and 
preparing a peeling resistance layer for a low electrical-and-electric-equipment resistance layer in the lower 
layer of said low electrical-and-electric-equipment resistance layer or said corrosion-resistant layer at the 
outermost layer of a coating layer in the separator of a solid-state polyelectrolyte mold fuel cell according to 
claim 1. 

[Claim 4] In the separator of a solid-state polyelectrolyte mold fuel cell according to claim 3 the ingredient of a 
low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, and a peeling resistance 
layer nickel, Fe, Co, B, Pb, Cr, Cu, Ti, Bi with low contact resistance, The separator of the solid-state 
polyelectrolyte mold fuel cell characterized by being any one kind or two kinds or more of composite material of 
Sn, W, P, Mo, Ag, Pt, Au, TiC, NbC, TiCN, TiN, CrN, TiB2 and ZrB2, Fe2B, and Si3N4. 
[Claim 5] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell 
characterized by forming the coating layer which consists of more than two-layer [ of a low electrical-and- 
electric-equipment resistance layer, a corrosion-resistant layer, or the peeling resistance layers ] on a separator 
base material using any one sort or these two sorts or more of compound processes of physical vapor 
deposition, chemical vapor deposition, a nitride approach, a boride approach, a carbonizing method, electroplating, 
or a spraying process. 

[Claim 6] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell 
characterized by making [ the thickness of a low electrical-and-electric-equipment resistance layer ] thickness 
of 0.1 microns or more and a peeling resistance layer into 0.1 microns or more for the thickness of 0.02 microns 
or more and a corrosion-resistant layer in the manufacture approach of the separator of a solid-state 
polyelectrolyte mold fuel cell according to claim 5 in case a coating layer is formed using electroplating. 
[Claim 7] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell 
characterized by making [ the thickness of a low electrical-and-electric-equipment resistance layer ] thickness 
of 1.0 microns or more and a peeling resistance layer into 1.0 microns or more for the thickness of 1.0 microns 
or more and a corrosion-resistant layer in the manufacture approach of the separator of a solid-state 
polyelectrolyte mold fuel cell according to claim 5 in case a coating layer is formed using physical vapor 
deposition. 

[Claim 8] the crystal orientation in the coating layer which consists of a low electrical-and-electric-equipment 
resistance layer, a corrosion-resistant layer, and a peeling resistance layer in the manufacture approach of the 
separator of a solid-state polyelectrolyte mold fuel cell according to claim 7 — Miller indices (200) — or (002) 
the manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell characterized by 
carrying out orientation to bearing. 

[Claim 9] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell 
characterized by setting to the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel 



cell according to claim 6 or 8, and making the porosity in a coating layer into 5x100% or less at the rate of 
defective area. 

[Claim 10] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell 
characterized by using the alloy ingredient which a metallic material lower than the electric resistance of said 
separator base material, a ceramic ingredient, a cermet ingredient, or these compounded as an ingredient of the 
coating layer formed on a separator base material in the manufacture approach of the separator of a solid-state 
polyelectrolyte mold fuel cell according to claim 5. 

[Claim 11] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell 
characterized by forming a coating layer on said separator base material after removing electrically, mechanically, 
or chemically the passive state coat or oxide which exists on a separator base material in the manufacture 
approach of : the separator of a solid-state polyelectrolyte mold fuel cell according to claim 5. 
[Claim 12] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell 
characterized by removing said coating layer electrically, mechanically, or chemically, carrying out individual 
recovery of said coating layer and said separator base material, and reusing them on a separator base material 
using the separator of the solid-state polyelectrolyte mold fuel cell which covered the coating layer which 
consists of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, or a peeling 
resistance layer. 

[Claim 13] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell 
characterized by carrying out the reuse of the separator base material ingredient which ground and dissolved and 
was able to obtain the collected separator base material electrically, mechanically, or chemically in the 
manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according to claim 12. 
[Claim 14] The separator of the solid-state polyelectrolyte mold fuel cell obtained by either to claims 5-13 by 
the manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell a publication. 
</SDO> 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the separator and its manufacture approach of the solid-state 
polyelectrolyte mold fuel cell which used the solid-state poly membrane as an electrolyte, and relates to the 
manufacture approach of a separator of having attained the separator and low-cost-izing which attained 
miniaturization and lightweight-ization especially. 
[0002] 

[Description of the Prior Art] A fuel cell is equipment which transforms into electrical energy the chemical 
energy which a fuel has by making fuels, such as hydrogen, and oxidizers, such as air, react electrochemically. 
[0003] Various kinds, such as a phosphoric-acid mold, a melting carbonate mold, a solid acid ghost mold, and a 
solid-state polyelectrolyte mold, are known according to the class of electrolyte with which a fuel cell is used. It 
is a fuel cell using functioning as a solid-state polyelectrolyte mold fuel cell carrying out the water of the 
macromolecule resin film which has a proton exchange group in a molecule to saturation also in this as a proton 
conductivity electrolyte, and since it operates comparatively in the degree region of low temperature and 
generating efficiency is also excellent, it is observed in recent years. 

[0004] Drawing 9 is drawing showing the configuration of the cell which is the base unit of a solid-state 
polyelectrolyte mold fuel cell. 

[0005] As shown in drawing 9 , a cell 1 consists of a solid-state poly membrane 2 which has ion conductivity, 
and the anode electrode 3 and the cathode electrode 4 arranged on both sides of this solid-state poly membrane 
2. And the separator 5 by the side of the anode electrode which has the gas supply slot of gas impermeability 
which supplies reactant gas to the outside of each of these electrodes 3 and 4 at each electrodes 3 and 4, and 
the separator 6 by the side of a cathode electrode are arrangement ****. 

[0006] As a solid-state poly membrane 2 which has ion conductivity, the perfluorocarbon sulfonic acid (Nafion R: 
U.S., Du Pont) which is the proton exchange film, for example is known. This solid-state poly membrane 2 has 
the exchange group of a hydrogen ion in the molecule, and while functioning as an ion conductivity electrolyte by 
carrying out saturation water, it has the function to separate the fuel 7 supplied from the anode electrode 3 side, 
and the oxidizer 8 supplied from the cathode electrode 4 side. 

[0007] The anode electrode 3 arranged on both sides of the solid-state poly membrane 2 at one side is formed 

from catalyst bed 3a and porosity carbon plate 3b. Moreover, the cathode electrode 4 which counters with the 

anode electrode 3 and is arranged is formed from catalyst bed 4a and porosity carbon plate 4b. 

[0008] The separator 5 by the side of an anode electrode is arranged in the both-sides side of the separator 

base material 9 and this separator base material 9, and consists of fuel-supply slots 10a and 10b which supply a 

fuel. 

[0009] On the other hand, the separator 6 by the side of a cathode electrode is arranged on the side face of the 
separator base material 1 1 and this separator base material 11, is arranged at the field side which touches the 
cathode electrode 4 t and consists of an oxidizer supply slot 12 which supplies an oxidizer, and this oxidizer 
supply slot 12 and the fuel-supply slot 10 arranged in the opposite side. 
[0010] Below, the principle of this cell 1 is explained. 

[001 1] If a fuel 7 is supplied to the anode electrode 3 and an oxidizer 8 is supplied to the cathode electrode 4, 
respectively, electromotive force will arise according to the electrode 3 of the pair of a cell 1, and the 
electrochemical reaction between four. Usually, hydrogen is used as a fuel 7 and air is used as an oxidizer 8. 
[0012] If hydrogen is supplied to the anode electrode 3, hydrogen will be dissociated into a hydrogen ion and an 
electron in anode catalyst bed 3a, and a hydrogen ion will pass along the solid-state poly membrane 2, and an 
electron will move to the cathode electrode 4 through an external circuit, respectively. On the other hand, the 
oxygen in the air supplied to the cathode electrode 4 generates a lifting and water for a cathode reaction with a 
hydrogen ion and an electron in catalyst bed 4a. At this time, the electron passing through an external circuit 
serves as a current, and can supply power. That is, the reaction shown below advances with the anode electrode 
3 and the cathode electrode 4. In addition, the generated water is discharged out of a cell with a unconverted 



gas. . f 
[0013] 
[Formula 1] 

7>-KEU& : H 2 -^ 2H + +2e" 

*V-KRJS : 2H + +l/20 2 + 2 e"- HgO 

[0014] In such a cell 1, if the moisture content of the solid-state poly membrane 2 decreases, ion resistance will 
become high, mixing (crossover) with a fuel 7 and an oxidizing agent 8 occurs, and a generation of electrical 
energy by the cell becomes impossible. For this reason, as for the solid-state poly membrane 2, what is 
considered as saturation water is desirable. 

[0015] Moreover, when the hydrogen ion separated with the anode electrode 3 by generation of electrical energy 
passes along the solid-state poly membrane 2 and moves to the cathode electrode 4, water also moves 
together. For this reason, in the anode electrode 3 side, the solid-state poly membrane 2 becomes a desiccation 
inclination. Moreover, if there are few steams contained in the fuel 7 or air supplied, the solid-state poly 
membrane 2 will become a desiccation inclination near [ each ] a reactant gas entry. For this reason, generally 
supplying the fuel 7 and oxidizer 8 which were humidified beforehand is performed. 

[0016] By the way, less than [ 1V ] and since the electromotive force of a cell 1 is low, through the separators 5 
and 6 arranged on the vertical side face of a cell 1, it carries out the laminating of the cell 1 of dozens to 
hundreds of sheets, and usually constitutes the cell stack. And in order to control the temperature up of the cell 
stack accompanying a generation of electrical energy, the cooling plate is inserted in this cell stack for every 
several sheet and cell. 

[0017] The separators 5 and 6 applied to a solid-state polyelectrolyte mold fuel cell need to be impermeability to 
reactant gas or cooling water, in order to give the function to separate each cell 1, and in one side, in order for 
separators 5 and 6 to laminate a cell 1, to make it a cell stack and they to operate them as a cell, they need to 
be conductors electrically. Usually, although it operates from 70 degrees C to 90 degrees C by whenever [ low- 
temperature ] comparatively, the separators 5 and 6 inside this cell are under the severe environment which the 
potential difference accompanying electrochemical reaction produces at the same time a solid-state 
polyelectrolyte mold fuel cell is exposed to the air containing the steam near the maximum vapor tension in the 
temperature from 70 degrees C to 90 degrees C. For this reason, it is necessary to choose the ingredient of 
corrosion resistance as separators 5 and 6. As a corrosion resisting material, although stainless steel etc. is 
generally used, when ingredients, such as stainless steel, are applied to separators 5 and 6, since a front face will 
oxidize and the passive state film will be formed, the resistance loss of a cell will become large, and generating 
efficiency will fall greatly. 

[0018] The niobium which is the noble metals which have the outstanding corrosion resistance in the U.S. of the 
1970s as a separator of the solid-state polyelectrolyte mold fuel cell developed for space shuttles once was 
used. However, the ingredient of a noble-metals system had and carried out the fault of being heavy while it was 
very expensive. Then, the ballade company of Canada is using a carbon plate as a separator, and is planning 
lightweight-izing and cost reduction of a cell stack as carried by U.S. Pat. No. 5521018. 

[0019] Drawing 10 is drawing showing the cell stack of a solid-state polyelectrolyte mold fuel cell which used the 
carbon plate. 

[0020] As shown in drawing 10 , the cell stack 13 is the structure which arranged two or more cells 1 in the 
outer frame 14. And this cell stack 13 consists of the cell section 15 which generates electricity by making 
reactant gas react greatly, and the humidification section 16 for humidifying reactant gas. 
[0021] Drawing 1 1 is the schematic drawing showing the configuration of the cell 1 in the cell section 15 of 
drawing 10 . 

[0022] On both sides of the solid-state poly membrane 2 which has ion conductivity, the anode electrode 3 and 
the cathode electrode 4 are arranged, the separator 17 for cooling is formed in the outside of the anode 
electrode 3, the separator 5 by the side of an anode electrode prepares outside at the pan of this separator 17 
for cooling, and the cell 1 arranged at the cell section 15 as shown in drawing 1 1 is ****. Moreover, the 
separator 6 by the side of a cathode electrode is installed in the outside of the cathode electrode 4. 
[0023] The separator 17 for cooling makes cooling water absorb the heat of reaction produced with a reaction, 
and it is installed in order to prevent heating of the cell section 15. 

[0024] D rawi ng 12 is the top view showing the separator 6 installed in the cathode electrode side. 
[0025] As shown in drawing 12 , the air induction inlet 1 8 where a separator 6 consists of a carbon plate and 
which uses the square separator base material 1 1 as a foundation mostly, and introduces air and fuel gas into a 
corner of this separator base material 1 1 , and the fuel gas inlet 19 are formed. And these inlets 18 and 19, the 
air exhaust port 20 which discharges air and fuel gas to the side which counters, and the fuel gas exhaust port 
21 are formed. Moreover, the cooling water inlet 22 and the cooling water exhaust port 23 are formed in the 
other corners of the separator base material 1 1 . And on this separator base material 1 1 , in order to lead air to a 



reaction side T , the Serpentine-like air slot 24 was formed, and this air slot 24 is connected with the air induction 
inlet 18 and the air exhaust port 20. 

[0026] The air slot 24 is produced by performing press working of sheet metal to the separator base material 1 1 
which is a comparatively soft carbon plate. In addition, although not illustrated here, it has the structure as the 
separator 6 by the side of a cathode electrode where the separator 5 and the separator 17 for cooling by the 
side of an anode electrode are also the same. 

[0027] Although it is almost the same as the configuration of the cell section 15, unlike reactant gas touching 
through the solid-state poly membrane 2, the configuration of the humidification section 16 shown in drawing 10 
is humidified in the cell section 15, when the air or fuel gas which is reactant gas touches cooling water through 
the film for steam transparency. 
[0028] 

[Problem(s) to be Solved by the Invention] However, even if it was the separators 5 and 6 which were mentioned 
above, it had the limitation to still make thickness of separators 5 and 6 thin. 

[0029] In order to maintain [ 1st ] the reinforcement as separators 5 and 6 as this reason in the solid-state 
polyelectrolyte mold fuel cell which used the carbon plate as separators 5 and 6, it is mentioned that a certain 
fixed thickness is required. Moreover, the carbon plate was essentially a porous body, and since it was necessary 
to prevent transparency of the gas between separators, and transparency of water to the 2nd, for making 
thickness of separators 5 and 6 thin, in it, it had the limitation. Also in U.S. Pat. No. 5521018 mentioned above, 
the thickness of a separator is 1.6mm and fixed thickness was demanded. 

[0030] In order to miniaturize the cell stack 13, it was most important to make thickness of a cell thin, but since 
a limitation was to make it thin when a carbon plate is applied to a separator in this way, it had the problem that 
miniaturization was difficult. * 
[0031] Moreover, since a carbon ingredient had expensive itself, it had the problem that iow-cost-izing was 
difficult. 

[0032] Furthermore, as compared with metals, such as aluminum and copper, thermal conductivity needs to 
insert the cooling plate with which cooling water flows between each cell since it is bad, and, as for a carbon 
plate, needs to cool a cell. Therefore, it had the problem that a cell stack became large further. Moreover, it had 
problems, like air-cooling-izing is difficult. 

[0033] On the other hand, without using a carbon plate as a separator ingredient, when a metal was used as a 
separator ingredient, the corrosion by the potential difference peculiar to the inside of a saturated steam 
ambient atmosphere or a fuel cell occurred, and it had the problem that the engine performance of a cell fell. 
[0034] This invention is made in order to solve these problems, it raises the corrosion resistance of the 
separator of a solid-state polyelectrolyte mold fuel cell, and aims at offering the separator of the solid-state 
polyelectrolyte mold fuel cell which attained miniaturization and lightweight-ization. 

[0035] Moreover, it aims at offering the manufacture approach of the separator of a solid-state polyelectrolyte 
mold fuel cell of having attained low cost-ization, by reusing the separator of the obtained solid-state 
polyelectrolyte mold fuel cell. 
[0036] 

[Means for Solving the Problem] Invention according to claim 1 is a cell stack constituted by carrying out the 
laminating of two or more cells which consist of solid-state polyelectrolyte film, and the anode electrode and 
cathode electrode which are arranged to both sides of this solid-state polyelectrolyte film. In the separator of 
the solid-state polyelectrolyte mold fuel cell which is inserted between said cells and used within this cell stack 
said separator It consists of a separator base material and a coating layer covered on this separator base 
material, and said coating layer is characterized by having the multilayer structure which consists of more than 
two-layer [ of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, or the 
peeling resistance layers ]. 

[0037] A low electrical-and-electric-equipment resistance layer prevents the fall of the electric resistance at 
the time of contact, and a corrosion-resistant layer prevents the corrosion of a separator base material, and a 
peeling resistance layer has the work which heightens the adhesion force and prevents exfoliation of a coat. 
[0038] As mentioned above, the separator of a solid-state polyelectrolyte mold fuel cell is in the severe 
condition that it is exposed to the saturated steam from 70 degrees C to 90 degrees C, and there is the 
potential difference peculiar to a fuel cell. For this reason, by making a coating layer into the multilayer structure 
which consists of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, or a 
peeling resistance layer like this invention, the function required of a separator is shared in each coating layer, 
and the engine performance of a separator can fully be pulled out. The sag by resistance of a cell can be 
prevented by reducing the electric contact resistance of a separator important as cell engine performance 
especially. 

[0039] Moreover, according to this invention, the continuation pore penetrated to the interface with the base 
material of the coating layer produced at the time of manufacture of a separator can be intercepted. For this 
reason, the corrosion by reactant gas with hydrogen, oxygen, etc. which generate the air which is an oxidizer 



about a fuel rat an anode electrode by supplying a cathode electrode, or corrosion in a saturated steam ambient 
atmosphere can be prevented. 

[0040] Furthermore, since the peeling resistance layer was prepared, while being able to improve the adhesion of 
a coat and preventing the coat exfoliation at the time of coat formation, there are no defects, such as pore, and 
a reliable coat can be formed. Therefore, according to this invention, the output stabilized more over the long 
time can be obtained. 

[0041] Invention according to claim 2 is characterized by the ingredient of a separator base material being any 
one kind or its composite material in stainless steel, copper and a copper alloy, aluminum and an aluminum 
containing alloy, titanium, and a titanium alloy in the separator of a solid-state polyelectrolyte mold fuel cell 
according to claim 1 . 

[0042] According to this invention, since the ingredient of a separator base material is excellent in reinforcement 
and ductility, compared with carbon, board thickness can be made thin, and miniaturization and lightweight-izing 
of a fuel cell can be attained. Moreover, since it excels in high temperature conductivity, it becomes possible to 
transmit efficiently the heat generated at the time of starting, operation, and a halt to the cooling medium in a 
manifold, and the cooling engine performance improves. Furthermore, since electric resistance is low, the electric 
contact resistance of a separator important as cell engine performance can be reduced, and the sag by 
resistance of a cell can be lost. 

[0043] Invention according to claim 3 is characterized by having prepared the corrosion-resistant layer in the 
lower layer of said low electrical-and-electric-equipment resistance layer, and preparing a peeling resistance 
layer for a low electrical-and-electric-equipment resistance layer in the lower layer of said low electrical-and- 
electric-equipment resistance layer or said corrosion-resistant layer at the outermost layer of a coating layer in 
the separator of a solid-state polyelectrolyte mold fuel cell according to claim 1. 

[0044] According to this invention, in a low electrical-and-electric-equipment resistance layer, the electric 
contact resistance of a separator important as cell engine performance can be reduced, the sag by resistance of 
a cell can be prevented, and the engine performance and dependability can be improved. Moreover, corrosion 
factors which transmit and advance the pore at the time of existing in a low electrical-and-electric-equipment 
resistance layer in the corrosion-resistant layer which there is no pore and forms a precise and uniform coat, 
such as oxygen and a corrosion product, can be intercepted by having prepared the corrosion-resistant layer in 
the lower layer of a low electrical-and-electric-equipment resistance layer. For this reason, the exfoliation of a 
coat and the degradation of a separator base material by corrosion can be prevented. Furthermore, it can 
improve and the adhesion of the coat which run short in a low electrical-and-electric-equipment resistance 
layer or a corrosion-resistant layer by having prepared the peeling resistance layer in the lower layer of a low 
electrical-and-electric-equipment resistance layer or a corrosion-resistant layer is accumulated, while 
preventing the coat exfoliation produced at the time of coat formation and use, there are no defects, such as 
pore, and a reliable low electrical-and-electric-equipment resistance layer and a corrosion-resistant layer can 
be formed. 

[0045] Invention according to claim 4 is set to the separator of a solid-state polyelectrolyte mold fuel cell 
according to claim 3. The ingredient of a low electrical-and-electric-equipment resistance layer, a corrosion- 
resistant layer, and a peeling resistance layer nickel, Fe, Co, B, Pb, Cr, Cu, Ti, Bi with low contact resistance, It 
is characterized by being any one kind or two kinds or more of composite material of Sn, W, P, Mo, Ag, Pt, Au, 
TiC, NbC, TiCN, TiN, ON, TiB2 and ZrB2, Fe2B, and Si3N4. 

[0046] Since it excels in compatibility with a separator base material, while according to this invention being able 
to aim at improvement for the adhesion of a coat and preventing the coat exfoliation at the time of coat 
formation, a coat with high dependability without defects, such as pore, can be formed. 

[0047] The manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according to 
claim 5 is characterized by forming the coating layer which consists of more than two-layer [ of a low electrical- 
and-electric-equipment resistance layer, a corrosion-resistant layer, or the peeling resistance layers ] on a 
separator base material using any one sort or these two sorts or more of compound processes of physical vapor 
deposition, chemical vapor deposition, a nitride approach, a boride approach, a carbonizing method, electroplating, 
or a spraying process. 

[0048] According to this invention, a defect can form precisely the ingredient which could form thinly the low 
ingredient of electric resistance and contact resistance in homogeneity, and was excellent in corrosion 
resistance few. Furthermore, the ingredient excellent in adhesion and ductility can be formed thinly uniformly and 
precisely. 

[0049] In the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according to 
claim 5, in case invention according to claim 6 forms a coating layer using electroplating, it is characterized by 
making [ the thickness of a low electrical-and-electric-equipment resistance layer ] thickness of 0.1 microns or 
more and a peeling resistance layer into 0.1 microns or more for the thickness of 0.02 microns or more and a 
corrosion-resistant layer. 

[0050] In the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according to 



claim, 5, in case invention according to claim 7 forms a coating layer using physical vapor deposition, it is 
characterized by making [ the thickness of a low electrical-and-electric-equipment resistance layer ] thickness 
of 1.0 microns or more and a peeling resistance layer into 1.0 microns or more for the thickness of 1.0 microns 
or more and a corrosion-resistant layer. 

[0051] According to invention claim 6 and given in seven, in a low electrical-and-electric-equipment resistance 
layer, there is no fall of the electric resistance at the time of contact on the front face of a coat, the electric 
contact resistance of a separator important as cell engine performance can be reduced, and sag by resistance of 
a cell can be made into the minimum. Moreover, in a corrosion-resistant layer, corrosion factors which transmit 
and advance the pore which exists in a low electrical-and-electric-equipment resistance layer, such as oxygen 
and a corrosion product, can be intercepted to the minimum. For this reason, the exfoliation of a coat and the 
degradation of a separator base material by corrosion can be prevented. Furthermore, in a peeling resistance 
layer, while being able to improve, accumulating the adhesion of the coat which run short in a low electrical-and- 
electric-equipment resistance layer or a corrosion-resistant layer and preventing coat exfoliation of the low 
electrical-and-electric-equipment resistance layer at the time of coat formation or a corrosion-resistant layer 
to the minimum, there are no defects, such as pore, and a reliable low electrical-and-electric-equipment 
resistance layer and a corrosion-resistant layer can be formed. 

[0052] the crystal orientation in the coating layer which invention according to claim 8 becomes from a low 
electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, and a peeling resistance layer in 
the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according to claim 7 — 
Miller indices (200) — or (002) is characterized by carrying out orientation to bearing. 
[0053] According to this invention, it excels in a mechanical strength and the peeling resistance in harsh 
environments, such as corrosion by 70 to 90 degrees C prolonged saturated steam and corrosion by the 
potential difference peculiar to a fuel cell, and corrosion resistance can be acquired. 

[0054] Invention according to claim 9 is characterized by setting to the manufacture approach of the separator 
of a solid-state polyelectrolyte mold fuel cell according to claim 6 or 8, and making the porosity in a coating layer 
into 5x100% or less at the rate of defective area. 

[0055] According to this invention, corrosion factors which transmit and advance pore, such as oxygen and a 
corrosion product, can be intercepted to the minimum, the amount of the metal ion eluted in a cooling medium or 
saturated steam can be reduced, and electric short-circuit with cathode and an anode plate can be prevented. 
Moreover, the peeling resistance in harsh environments, such as corrosion by 70 to 90 degrees C prolonged 
saturated steam and corrosion by the potential difference peculiar to a fuel cell, and corrosion resistance can be 
improved. 

[0056] Invention according to claim 10 is characterized by using the alloy ingredient which a metallic material 

lower than the electric resistance of said separator base material, a ceramic ingredient, a cermet ingredient, or 

these compounded as an ingredient of the coating layer formed on a separator base material in the manufacture 

approach of the separator of a solid-state polyelectrolyte mold fuel cell according to claim 5. 

[0057] According to this invention, the electric contact resistance of a separator important as cell engine 

performance can be reduced, and sag by resistance of a cell can be made into the minimum. 

[0058] In the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according to 

claim 5, after invention according to claim 1 1 removes electrically, mechanically, or chemically the passive state 

coat or oxide which exists on a separator base material, it is characterized by forming a coating layer on said 

separator base material. 

[0059] While according to this invention being able to raise the adhesion of a separator base material and a coat 
and preventing the coat exfoliation at the time of coat formation to the minimum by coating after removing the 
passive state coat or oxide which exists on a separator base material, there are no defects, such as pore, and a 
reliable coat can be formed. Moreover, the manufacturing cost of a separator can be reduced, carrying out 
minimum maintenance of the ingredient deposit efficiency at the time of coat formation. 

[0060] The manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according to 
claim 12 is characterized by removing said coating layer electrically, mechanically, or chemically, carrying out 
individual recovery of said coating layer and said separator base material, and reusing them on a separator base 
material, using the separator of the solid-state polyelectrolyte mold fuel cell which covered the coating layer 
which consists of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, or a 
peeling resistance layer. 

[0061] Invention according to claim 13 is characterized by carrying out the reuse of the separator base material 
ingredient which ground and dissolved and was able to obtain the collected separator base material electrically, 
mechanically, or chemically in the manufacture approach of the separator of a solid-state polyelectrolyte mold 
fuel cell according to claim 12. 

[0062] While preventing an exhaustion of a resource by carrying out individual recovery of a coating layer and 
the separator base material, and processing and carrying out a reuse according to invention claim 12 and given in 
13, reduction of the manufacturing cost of a separator can be aimed at and a low price solid-state 



polyelectrolvrte mold fuel cell can be obtained. 

[0063] The separator of a solid-state polyelectrolyte mold fuel cell according to claim 14 is obtained by either to 
claims 5-13 by the manufacture approach of the separator of the solid-state polyelectrolyte mold fuel cell a 
publication. 
[0064] 

[Embodiment of the Invention] Hereafter, the separator and its manufacture approach of the solid-state 
polyelectrolyte mold fuel cell concerning this invention are explained using drawing 1 - drawing 9 , and Table 1 - 
4. 

[0065] In the 1st operation gestalt ( drawing 1 , drawing 2 ) book operation gestalt, the coating layer was covered 
on the separator base material, and the separator was produced. In addition, the Serpentine-like air slot is 
formed on the separator base material, and the air induction inlet, the air exhaust port, etc. are formed. 
Moreover, a coating layer consists of a low electrical-and-electric-equipment resistance layer, a corrosion- 
resistant layer, and a peeling resistance layer. 

[0066] As an ingredient of a separator base material, any one sort of stainless steel, copper and a copper alloy, 
aluminum and an aluminum containing alloy, titanium, and the titanium alloy or its composite was used. 
[0067] The passive state coat or oxide which exists on a separator base material was removed electrically, 
mechanically, or chemically, and the peeling resistance layer was first covered on the separator base material. 
Next, the low electrical-and-electric-equipment resistance layer was covered in the corrosion-resistant layer 
and the outermost layer. 

[0068] As an ingredient of a low electric resistance layer, in 1000microomegacm2 and the EQC which are the 
electric resistance of the carbon ingredient of use conventionally nickel, Fe, Co, B, Pb, Cr which have electric 
resistance lower than it, What compounded any one kind or two kinds or more of ingredients of Cu, Ti, Bi, Sn, W, 
P, Mo, Ag, Pt, Au, TiC, NbC, TiCN, TiN, ON, TiB2 and ZrB2, Fe2B, and Si3N4 was used. 

[0069] Moreover, as a corrosion-resistant layer and a peeling resistance layer, the same ingredient as a low 
electrical-and-electric-equipment resistance layer was chosen from a viewpoint of porosity, adhesion, ductility, 
or coating workability, and one kind excellent in compatibility or two kinds or more of compounded ingredients 
were used. 

[0070] As these coating approaches, any one sort or those two sorts or more of compound processes of the 
physical vapor deposition in which thin film formation is possible, chemical vapor deposition, a nitride approach, a 
boride approach, a carbonizing method, electroplating, and a spraying process are used. In addition, since the 
ingredient which can be coated with each coating approach, and the coating ingredient which is not so exist in 
the coating ingredient used for a low electrical-and-electric-equipment resistance layer, a corrosion-resistant 
layer, and a peeling resistance layer, it is good for it to choose the optimal coating approach with the actually 
applied ingredient. 

[0071] For example, any one sort or those two sorts or more of compound processes of vacuum evaporation 
technique, the ion plating method, the sputtering method, and the ion beam mixing method are used as physical 
vapor deposition. As chemical vapor deposition, any one sort or those two sorts or more of compound processes 
of a heat CVD method, a plasma-CVD method, and a laser CVD method are used. As a nitride approach, any one 
sort or those two sorts or more of compound processes, gas nitriding and a molten salt bath method, are used. A 
molten salt bath method is used as a boride approach. As a carbonizing method, any one sort or those two sorts 
or more of compound processes, the carbon applying method (a carbon ingredient is applied with the brush, and 
after forming a coat, it is heat-treated), or a carbon spray method (a carbon ingredient is mixed with a binder in 
the shape of liquid, and it heat-treats after a spray), are used. As electroplating, any one sort or those two sorts 
or more of compound processes of a displacement plating method, electroplating, an electroless plating method, 
hot dipping, and an anodic oxidation method are used. As a spraying process, any one sort or those two sorts or 
more of compound processes of an oxy-fuel-spraying method, an arc spraying method, a plasma metal spray 
method, and a high-speed gas flame metal spray are used. 

[0072] The mimetic diagram of the longitudinal section of the separator of the solid-state polyelectrolyte mold 
fuel cell obtained by such approach is shown in drawin g 1 . 

[0073] the separator base material 31 top with which a separator 30 consists of metaled sheet metal as shown 
in drawing 1 — the peeling resistance layer 32, the corrosion-resistant layer 33, and the low electrical-and- 
electric-equipment resistance layer 34 — the coating layer [ from ] 35 is covered and constituted. 
[0074] Moreover, when the ingredient used for the coating layer 35 of the peeling resistance layer 32 and the 
corrosion-resistant layer 33 or the corrosion-resistant layer 33, and the low electrical-and-electric-equipment 
resistance layer 34 has both of the functions with it, the coating layer 35 of either the low electrical-and- 
electric-equipment resistance layer 34, the corrosion-resistant layer 33 or the peeling resistance layer 32 can 
be mixed, and a number of layers can be reduced. This is shown in drayying_2 . 

[0075] As shown in dr_awjng_2 , on the separator base material 31 which consists of metaled sheet metal, the 
coating layer 35 is covered and a separator 30 is constituted. And this coating layer 35 consists of the peeling 
resistance and the corrosion-resistant layer 36 which used the peeling resistance layer 32 and the corrosion- 



resistant layer 33 as the same layer, and a low electrical-and-electric-equipment resistance layer 34 which 
covers this layer 36. 

[0076] Moreover, the function to separate each cell is given to the separator 30, and in order to carry out the 
laminating of the cell through the separator 30 of dozens of sheets to hundreds of sheets and to use it as a fuel 
cell, it is necessary to form a coating ingredient with low electric resistance as an outermost layer of the coating 
layer which the layer and separator 30 with which a separator 30 and a cathode electrode contact, and an anode 
electrode contact. As shown in drawing 1 and drawin g 2 , in order to make low contact resistance of a separator 
30 and each electrode, it is good to coat the outermost layer of a separator 30 with the low electrical-and- 
electric-equipment resistance layer 34. 

[0077] The coating layer 35 was actually formed on the separator base material 31 using electroplating and 
physical vapor deposition below. 

[0078] Electroplating was used in example 1 this example. 

[0079] The multilayer coating tip layer 35 was covered on the separator base material 31 using electroplating. 
[0080] As an ingredient of the coating layer 35, the alloy of Au or Au has been arranged in the alloy of nickel or 
nickel, and the outermost layer on the separator base material 31. 

[0081] moreover, the separator base material 31 top — the alloy of Au or Au has been arranged [ the alloy of 
nickel or nickel ] for the alloy of Cr or Cr in the alloy of nickel or nickel, and the outermost layer on it on it. 
[0082] According to this example, in Au layer on the front face of a coat, the fall of the electric resistance at the 
time of contact is prevented, by the lower layer nickel layer, while heightening the adhesion force of Au layer and 
preventing exfoliation of a coat, corrosion factors, such as oxygen which transmits and advances the pore which 
exists in Au layer, or a corrosion product, can be intercepted, and exfoliation of the coat by corrosion can be 
prevented. Furthermore, in the lower layer Cr layer, since the passive state coat of a base material is destroyed 
for corrosion factors which transmit and advance the pore which exists in Au layer and its lower layer nickel 
layer, such as oxygen and a corrosion product, by Cr oxide layer and nickel layer is formed, the adhesion force 
with the separator base material 31 is heightened, and exfoliation of a coat can be prevented. 
[0083] Physical vapor deposition was used in example 2 this example. 

[0084] The multilayer coating tip layer 35 was covered on the separator base material 31 using physical vapor 
deposition. 

[0085] As an ingredient of the coating layer 35, the alloy of TiN or TiN has been arranged in the alloy of Cr or Cr, 
and the outermost layer on the separator base material 31. 

[0086] moreover, the separator base material 31 top — the alloy of Cr or Cr — a it top — the alloy of TiN or 
TiN — and the alloy of TiN or TiN has been further arranged in the alloy of Cr or Cr, and the outermost layer on 
this layer. 

[0087] While according to this example preventing the fall of the electric resistance at the time of contact in the 
TiN layer on the front face of a coat, heightening the adhesion force of a TiN layer in the lower layer Cr layer 
and preventing exfoliation of a coat, it becomes Cr oxide, corrosion factors which transmit and advance the pore 
which exists in a TiN layer, such as oxygen and a corrosion product, are intercepted, and exfoliation of the coat 
by corrosion can be prevented. Furthermore, in the lower layer TiN layer, corrosion factors which transmit and 
advance the pore which exists in Cr layer, such as oxygen and a corrosion product, are intercepted, and 
exfoliation of the coat by corrosion resistance or corrosion is prevented. In the lower layer Cr layer, while 
heightening the adhesion force of a TiN layer and preventing exfoliation of a coat, it becomes Cr oxide, corrosion 
factors which transmit and advance the pore which exists in a TiN layer, such as oxygen and a corrosion 
product, are intercepted, and exfoliation of the coat by corrosion is prevented. 

[0088] Therefore, according to this operation gestalt, with the separator 30 of a solid-state polyelectrolyte mold 
fuel cell, since the front face of the separator base material 31 was coated with the metallic material lower than 
the electric resistance, the ceramic ingredient, the cermet ingredients, or those alloy ingredients that were 
compounded of the separator base material 31, the electric contact resistance of the separator 30 important as 
cell engine performance can be reduced, and the sag by resistance of a cell can be stopped to the minimum. 
[0089] Moreover, according to the coating approach of this operation gestalt, thin film formation is possible and a 
defect can form precisely the ingredient which it not only can form thinly the low ingredient of electric 
resistance and contact resistance in homogeneity, but was excellent in corrosion resistance few. For this reason, 
it is thin and the ingredient excellent in adhesion and ductility can be formed uniformly and precisely. In addition, 
by removing electrically, mechanically, or chemically the passive state coat or oxide which exists on the 
separator base material 31, while being able to raise adhesion with separator base material 31 coat and 
preventing the coat exfoliation at the time of coat formation to the minimum, there are no defects, such as pore, 
and a reliable coat can be formed. Moreover, the manufacturing cost of a separator can be reduced, carrying out 
minimum maintenance of the ingredient deposit efficiency at the time of coat formation. 
[0090] Furthermore, according to this operation gestalt, by using a metallic material as an ingredient of the 
separator base material 31, since it excels in reinforcement and ductility, compared with carbon, board thickness 
can be made thin, and miniaturization and lightweight-izing of a fuel cell can be attained. By using a metal 



separator, it is possible to use board thickness as sheet metal 1.0mm or less, and it can actually be made one 
fifth of thickness compared with the former. Moreover, since a. metallic material is excellent in thermal 
conductivity, it becomes possible [ transmitting efficiently the heat generated at the time of starting operation, 
and a halt to the cooling medium in a manifold ], and its cooling engine performance improves. 
[0091] Thus, since the good separator ingredient of heat conduction is used for the separator and a separator 31 
can be used as a radiation fin of air cooling, air cooling becomes possible. If air cooling is adopted, while cooling 
water will become unnecessary, piping, a pump, etc. for a cooling water flow will become unnecessary and a 
system will be simplified, the cell stack from which the cooling water manifold hole inside a cell becomes 
unnecessary, and serves as a compact system can be obtained. Moreover, since cooling water is not used, there 
are no worries about freezing also in a cold district where an environmental condition becomes 0 degree C or 
less, and a reliable cell stack becomes possible. Furthermore, since the seal nature of gas is good compared with 
the carbon of porosity material, a metal separator can be made into a thinner separator and can miniaturize a 
cell stack. 

[0092] Moreover, by the cell stack in this operation gestalt, although the case where cooling water is used for 
humidification of a unconverted gas was common, since there is no cooling water, this cannot be used with air 
cooling. However, since it has the self-humidification section, it is not necessary to newly install the source for 
humidification, a tank, a pump, etc. become unnecessary, and it becomes miniaturizable [ a cell stack ]. 
[0093] In the 2nd operation gestalt ( draw ing 3 - drawing 4 ; Table 1 - 3) book operation gestalt, thickness with 
optimal low electrical-and-electric-equipment resistance layer by electroplating or physical vapor deposition, 
corrosion-resistant layer, and peeling resistance layer was determined. 

[0094] In example 1 ( drawing 3 ; Table 1) this example, by electroplating, the low electrical-and-electric- 
equipment resistance layer, the corrosion-resistant layer, and the peeling resistance layer were formed on the 
SUS316L base material, the corrosion test was performed using the separator of test piece No.1-No.64, and the 
thickness of optimal each class was determined. 

[0095] Drawing 3 is drawing of longitudinal section on which a part of separator which covered the coating layer 
was typically drawn by electroplating. 

[0096] As shown in drawing 3 , as for a separator 30, the coating layer 35 is covered on the separator base 
material 31. And the coating layer 35 consists of a peeling resistance layer 32 which used nickel, a corrosion- 
resistant layer 33 using Cr, and a low electrical-and-electric-equipment resistance layer 34 which used Au. 
[0097] Test piece No.1-No.64 changed Au layer which is the low electrical-and-electric-equipment resistance 
layer 34 with 0.01-0.04, as shown in Table 1. Moreover, Cr layer which is the corrosion-resistant layer 33 was 
changed with 0.05-0.2 microns, and nickel layer which is the peeling resistance layer 32 was further changed with 



0.05-0.2 microns. 
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[0099] And the anode electrode was formed with the anode catalyst bed and the anode separator, and the 



cathpde eleptrode was formed with the cathode catalyst bed and the cathode separator. The hydrogen which 
supplied hydrogen to the anode electrode, supplied air to the cathode electrode, respectively, and was supplied 
with the anode electrode was dissociated into the hydrogen ion and the electron by the anode catalyst bed using 
these electrodes, the hydrogen ion passed along the solid-state poly membrane, and the electron was moved to 
the cathode electrode through the external circuit, respectively. The oxygen, hydrogen ion, and electron in the 
air supplied with the cathode electrode react by the cathode catalyst bed, water is made to generate, and at this 
time, the electron passing through an external circuit became a current, and generated power. 
[0100] As corrosion test conditions, the generation-of-electrical-energy electrical potential difference was made 
into 0.6V, and test time 200 hours, and the corrosion generating condition of the outermost surface coat of a 
separator was searched for. The result is shown in Table 1. 

[0101] As shown in Table 1, it is the case where thickness of 0.1 microns or more and the peeling resistance 
layer 32 is made into 0.1 microns or more for the thickness of 0.02 microns or more and the corrosion-resistant 
layer 33, and, as for corrosion having not occurred in an outermost surface coat in a corrosion test, corrosion 
had generated the thickness of the low electrical-and-electric-equipment resistance layer 34 in the outermost 
surface coat in other thickness. 

[0102] In example 2 ( drawing 4 ; Table 2) this example, by the arc discharge type ion plating method which is 
physical vapor deposition, the low electrical-and-electric-equipment resistance layer, the corrosion-resistant 
layer, and the peeling resistance layer were formed on the SUS316L base material, the corrosion test was 
performed using the separator of test piece No.1-No.64, and the thickness of optimal each class was determined. 

[0103] Drawing 4 is drawing of longitudinal section on which a part of separator which covered the coating layer 
was typically drawn with physical vapor deposition. 

[0104] As shown in drawing 4 , as for a separator 30, the coating layer 35 is covered on the separator base 
material 31. And the coating layer 35 consists of a peeling resistance layer 32 which used nickel, a corrosion- 
resistant layer 33 using Cr, and a low electrical-and-electric-equipment resistance layer 34 which used TiN. 
[0105] Test piece No. 1 -No. 64 changed nickel layer which are the TiN layer which is the low electrical-and- 
electric-equipment resistance layer 34, Cr layer which is the corrosion-resistant layer 33, and the peeling 



resistance layer 32 with 0.05-0.2 microns, respectively, as shown in Table 2. 
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[0107] The corrosion test was performed using test piece No.1-No.64 shown in Table 2. In addition, corrosion 
test conditions are the same as an example 1. This result is shown in Table 2. 

[0108] As shown in Table 2, it is the case where thickness of 1.0 microns and the peeling resistance layer 32 is 
made into 1 .0 microns for the thickness of 1 .0 microns and the corrosion-resistant layer 33, and, as for corrosion 
having not occurred in an outermost surface coat in a corrosion test, corrosion generated the thickness of the 
low electrical-and-electric-equipment resistance layer 34 in the outermost surface coat in other thickness. 



[0109] Next, X-ray analysis was performed about the coating layer 35 of the separator obtained in the example 
2. 

[01 10] Table 3 is a table showing the crystal orientation of the coating layer 35 formed by physical vapor 
deposition. 
0111] 
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[0112] the crystal orientation of the coat which was excellent in corrosion resistance as shown in Table 3 — 
most — Miller indices (200) — orientation of or (002) was carried out to bearing. 

[01 1 3] On the other hand, most of the crystal orientation side of the corroded coat was Miller indices (1 1 1) or 
(200) (002) the intermingled crystal orientation side. 

[0114] According to this operation gestalt, the thickness of the low electrical-and-electric-equipment resistance 
layer 34 by electroplating 0.02 microns or more, Thickness of 0.1 microns or more and the peeling resistance 
layer 32 is made into 0.1 microns or more for the thickness of the corrosion-resistant layer 33. The thickness of 
the low electrical-and-electric-equipment resistance layer 34 by physical vapor deposition moreover, by making 
thickness of 1.0 microns or more and the peeling resistance layer 32 into 1.0 microns or more for the thickness 
of 1.0 microns or more and the corrosion-resistant layer 33 While reducing the electric contact resistance of a 
separator important as cell engine performance and making sag by resistance of a cell into the minimum, 
corrosion factors which transmit and advance the pore which exists in the low electrical-and-electric-equipment 
resistance layer 34, such as oxygen and a corrosion product, can be intercepted to the minimum. Furthermore, 
since the exfoliation of a coat and the degradation of the separator base material 31 by corrosion can be 
prevented, the reliable coating layer 35 can be formed. 

[01 15] moreover, the crystal orientation of the coating layer 35 — Miller indices (200) — or (002) can acquire 
the peeling resistance in harsh environments, such as prolonged corrosion and corrosion by the potential 
difference peculiar to a fuel cell, and corrosion resistance by carrying out orientation to bearing. Furthermore, 
while reducing electric contact resistance by carrying out a crystal orientation side in the same direction, the 
current density in a coat becomes uniform and sag by resistance of a cell can be made into the minimum. 
[01 16] In the 3rd operation gestalt ( drawing 5 - drawing 6 ; Table 4) book operation gestalt, it explains having 
specified the rate of defective area of a coating layer as 5x100% or less. 

[01 17] In this operation gestalt, the separator in which 1 micron of coating layers was formed on the SUS316L 
base material was used with physical vapor deposition. Some drawings of longitudinal section of this separator 
are typically shown in drawing 5 . 

[01 18] As shown in drawing 5 , the coating layer 35 is covered on the separator base material 31 with which a 
separator 30 consists of SUS316L, and this coating layer 35 consists of a peeling resistance layer 32 which used 
nickel, a corrosion-resistant layer 33 using Cr, and a low electrical-and-electric-equipment resistance layer 34 
which used TiN. 



[01 19] And the porosity of the coating layer 35 was changed and it considered as the test piece 1 - the test 
piec r e 10. P&rosity [ in / here / the coating layer 35 ] showed the result measured by the critical passivation 
current density method at the rate of defective area. In addition, the rate of defective area is the value **(ed) 
and calculated with the critical passivation current density of the separator which does not coat the critical 
passivation current density of the coated separator. 

[0120] The corrosion test was performed using the test piece 1 - the test piece 10. In addition, corrosion test 
conditions presupposed that it is the same as that of the conditions shown in the example 1 of the 2nd operation 
gestalt. The result is shown in Table 4. 
[0121] 
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[0122] As shown in Table 4, the porosity in the coating layer 35 is to 5x100% or less at the rate of defective 
area, and corrosion has all generated that corrosion has not occurred in a surface coat in a corrosion test at 
other rates of defective area. This is the result of being transmitted, and corrosion's advancing, eluting the metal 
ion of the separator base material 31 on a front face, and corrosion generating the pore which exists in a coat. 
[0123] Therefore, by making the porosity in the coating layer 35 into 5x100% or less at the rate of defective area, 
corrosion factors which transmit and advance pore, such as oxygen and a corrosion product, can be intercepted 
to the minimum, the peeling resistance in harsh environments, such as corrosion by 70 to 90 degrees C 
prolonged saturated steam and corrosion by the potential difference peculiar to a fuel cell, and corrosion 
resistance can improve, and the exfoliation of a coat and the degradation of the separator base material 31 by 
corrosion can be prevented. In addition, when using the separator constituted from an Au layer, a Cr layer, and a 
nickel layer by electroplating, it is good to make the porosity in the coating layer 35 into 5x100% or less at the 
rate of defective area. 

[0124] Draw ing 6 is drawing of longitudinal section on which a part of separator which shows that the 
continuation pore penetrated to the interface with a separator base material was intercepted by the coating 
layer was drawn typically. 

[0125] If there is no pore penetrated in the lower layer corrosion-resistant layer 33 even if pore 37 existed in 
the loan in the low electrical-and-electric-equipment resistance layer 34 as shown in drawing 6 , corrosion 
factors, such as oxygen which transmits and advances pore 37, and a corrosion product, can be intercepted by 
the surface layer of the corrosion-resistant layer 33. Moreover, if it does not exist as continuation pore which 
penetrated the inside of the lower layer stratum disjunctum 32-proof when the pore out of the low electrical- 
and-electric-equipment resistance layer 34 exists in a loan as continuation pore penetrated also in the lower 
layer corrosion-resistant layer 33, corrosion factors which transmit and advance pore 37, such as oxygen and a 
corrosion product, can be intercepted on the front face of the stratum disjunctum 32-proof. 
[0126] Thus, by intercepting corrosion factors which transmit and advance pore 37, such as oxygen and a 
corrosion product, to the minimum, the peeling resistance in harsh environments, such as corrosion by 70 to 90 
degrees C prolonged saturated steam and corrosion by the potential difference peculiar to a fuel cell, and 
corrosion resistance can improve, and the exfoliation of a coat and the degradation of the separator base 
material 31 by corrosion can be prevented. Moreover, the amount of the metal ion eluted in a cooling medium or 
saturated steam can be reduced, and electric short-circuit with cathode and an anode plate can be prevented. 
[0127] In the 4th operation gestalt ( drawing 7 ) book operation gestalt, it is covering a multilayer coating tip 
layer on a separator base material, and explains that the rise of sag and contact resistance can be prevented. 
[0128] The multilayer coating tip layer which consists of a TiN layer and a Cr layer was covered on the separator 
base material using the ion plating method, the solid-state polyelectrolyte mold fuel cell stack was formed, and 
this was made into Example A. 

[0129] On the other hand, the solid-state polyelectrolyte mold fuel cell stack was formed in the separator base 
material front face using the separator of the SUS316L base material simple substance which does not carry out 
coating processing, and it considered as the example B of a comparison. 

[0130] The sag and contact resistance change in a single eel generation of electrical energy were compared 
using Example A and the example B of a comparison. The result is shown in drawing 7 . 

[0131] The generation-of-electrical-energy electrical potential difference in the early stages of the example A 



which performed the multilayer coating tip shows 0.6x1 0-1 V, as a continuous line shows, and even if generating 
duration passes 300 hours, the fall of an electrical potential difference is not accepted so that clearly from 
drawi ng 7 . On the other hand, the generation-of-electrical-energy electrical potential difference in the early 
stages of the example B of a comparison which does not carry out coating processing serves as the inclination 
for 0.35x1 0-1 V to be shown, and for a generation-of-electrical-energy electrical potential difference to also fall 
as generating duration passes, as a continuous line shows. Passive state coats, such as an oxide and a corrosion 
product, are formed in a separator base material front face, the contact resistance of a separator increases, and, 
as for this, a generation-of-electrical-energy electrical potential difference falls. 

[0132] Moreover, the contact resistance of Example A which performed the multilayer coating tip is two or less 
10momegacm, as a broken line shows, and it shows the low value. On the other hand, the contact resistance in 
the early stages of the example B of a comparison which does not carry out coating processing is 
60momegacm2, and it shows 80momegacm2 and a high value as generating duration passes. 

[0133] Therefore, according to this operation gestalt, the rise of sag and contact resistance can be prevented by 
carrying out the multilayer coating tip of the low ingredient of contact resistance to a separator base material 
front face. 

[0134] By the way, as for a solid-state polyelectrolyte mold fuel cell stack, even in low temperature 0 degree C 
or less, depending on the application, a circumference environment needs to operate good. When water is used 
for a cooling medium, while the cell is not operating, the water inside a cell is frozen, and there is a possibility 
that a stack may be destroyed by expansion of the water at the time of freezing, in the part in the condition that 
water was especially sealed like the inside of a cooling water manifold, or the slot passage of a separator. Thus, 
an operating environment is a wide range temperature environment from the freezing point to saturated steam 
temperature, and the material selection in consideration of both ingredient physical-properties difference is 
important for it in selection of a separator base material and a coating ingredient. The same or coating ingredient 
with a coefficient of thermal expansion lower than a base material needs to be used especially for the coefficient 
of thermal expansion of a separator base material and a coating ingredient. Thereby, compressive residual stress 
acts on a coating coat front face, and exfoliation and crack initiation of a coat can be prevented. 
[0135] In the 4th operation gestalt ( drawing 8 ) book operation gestalt, it recycles by carrying out individual 
recovery of the separator after use at a separator base material and a coating layer. 
[0136] This procedure is shown in drawing 8 . 

[0137] As shown in drawing 8 , removal 39 of the coat which is the coating layer which consists of a low 
electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, or a peeling resistance layer 
recovery 38 about the separator after use after carrying out was performed first. In addition, on the occasion of 
the removal 39 of a coat, the solution which can dissolve ingredients, such as a metal which forms a coating 
layer, was used. In addition, the solution applied according to an ingredient was changed. Then, the removal liquid 
recovery 40 and base material recovery 41 were performed, and individual recovery of a coating layer and the 
separator base material was carried out. 

[0138] After taking removal liquid recovery 40, removal liquid purification 42 was taken and it took playback 43 
as plating liquid. The reuse of this plating liquid was carried out, and the new separator plating 44 was obtained. 
[0139] On the other hand, the collected separator base material was made electrically, mechanically, or chemical 
dissolution 45 after grinding, and refinement 46 was performed. And the refined base material was carried out 
molding 47, and a new separator was obtained. 

[0140] When expensive noble-metals ingredients, such as gold and silver, are used for the low electrical-and- 
electric-equipment resistance layer, the corrosion-resistant layer, and peeling resistance layer which form a 
coating layer, making all ingredients into disposal has a problem from the viewpoint of a resource exhaustion, an 
environmental viewpoint, and a viewpoint of a separator manufacturing cost. Then, like this operation gestalt, 
regeneration is performed for each coating ingredient after recovery electrically, mechanically, or chemically, by 
using as a coating ingredient again, while preventing an exhaustion of a resource, reduction of a separator 
manufacturing cost can be aimed at and a low price solid-state polyelectrolyte mold fuel cell can be offered. 
[0141] Moreover, since the recovery effectiveness of an ingredient is high, it is effective, and when aluminum and 
an aluminum containing alloy, copper, and a copper alloy ingredient are especially used as an ingredient, the 
maximum use of the coating ingredient by plating has the high recovery effectiveness of an ingredient, and 
effectiveness is high [ the use ] to a reuse. 
[0142] 

[Effect of the Invention] According to the manufacture approach of the solid-state polyelectrolyte mold fuel cell 
separator concerning this invention, as explained above, while losing the sag by resistance and preventing the 
corrosion by reactant gas or the saturated steam ambient atmosphere, it can obtain the separator which can 
attain miniaturization and lightweight-izing of a fuel cell, and by applying this separator, it is long lasting and it 
not only can aim at reduction of cost, but can obtain a reliable solid-state polyelectrolyte mold fuel cell. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[D raw ing 1] Drawing of longitudinal section of the separator of the solid-state polyelectrolyte mold fuel cell in 
the 1st operation gestalt of this invention. 

[Drawing 2] Drawing of longitudinal section of the separator of the solid-state polyelectrolyte mold fuel cell in 
the 1st operation gestalt of this invention. 

[Drawing 3] Drawing of longitudinal section in the 2nd operation gestalt of this invention on which a part of 
separator which covered the coating layer was typically drawn by electroplating. 

[Drawing 4] Drawing of longitudinal section in the 2nd operation gestalt of this invention on which a part of 
separator which covered the coating layer was typically drawn with physical vapor deposition. 
[Drawing 5] The sectional view showing the rate of defective area of the coat of the solid-state polyelectrolyte 
mold fuel cell separator in the 2nd operation gestalt of this invention. 

[Drawing 6] The sectional view showing having intercepted the penetration pore in the 2nd operation gestalt of 
this invention which the solid-state polyelectrolyte mold fuel cell separator followed. 

[Drawing 7] Drawing showing the engine-performance comparison with the separator of Example A and the 
separator of the example B of a comparison in the 3rd operation gestalt of this invention. 

[Drawing 8] The block diagram having shown recycle of the solid-state polyelectrolyte mold fuel cell separator in 
the 4th operation gestalt of this invention. 

[Drawing 9] Drawing showing the structure of a cell in the former. 

[ Drawin g 10] Drawing showing the cell stack of the solid-state polyelectrolyte mold fuel cell using a carbon plate 
in the former. 

[Drawing 1 1] Drawing showing the configuration of the cell in the cell section shown in drawing 10 in the former. 
[Drawing 12] The top view showing the separator in the former installed in the cathode electrode side. 
[Description of Notations] 

30 Separator 

31 Separator Base Material 

32 Peeling Resistance Layer 

33 Corrosion-resistant Layer 

34 Low Electrical-and-Electric-Equipment Resistance Layer 

35 Coating Layer 

36 Exfoliation-proof and Corrosion-resistant Layer 

37 Pore 

38 After [ Use ] Separator Recovery 

39 Coat Removal 

40 Removal Liquid Recovery 

41 Base Material Recovery 

42 Removal Liquid Purification 

43 Plating Liquid Playback 

44 New Separator Plating 

45 Base Material Dissolution 

46 Base Material Refinement 

47 New Separator Molding 
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[0 0 0 1] 

so -?&£ZfiZ:(DMm-%mz&<0. &\Z. n>rt9h<t& 



(3) 
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[0 0 0 2] 

[ooo3] jK»«jika. «fflsna*«fH©aaK:j: 

[0 0 0 4] H 9 tit. H*iC£HHMJ(SIB*jHltt«>& 

* 5 wttttoMss tax* -s . 
[0005] Ei9tc^-rj;5(c. jjMtjaitt, -r *>m 

^TfilStlfcT/- H*«3$3«k£fc&y— K@ffi4 20 

tt©^fx^»}«r*-r-57y— \*mmm<o±:/*u— 9 5 

*5<fctf;&y — KSffi4BI©-tr/U — 9 6 75tBHM5-5. 
[0 0 0 6] -f *>»*ttS*T*H*MMHHR2 tb 

#>7.)V*>fk {-yy^^-yR -.mm. ^^>^:) ifi 

«tttiK<!:bTMt4iit)C. TV— K*«3fl! 30 

[0 0 0 7] B#S5» : J 1 «l2*#EAyT— *»CE«an* 
7/-Hfi3tt, MIKJf 3 aiMS*-#>¥S3 

#>¥^4 b t^e>^fiK$n-5. 

[0 0 0 8] 7/- h*SS#J<£>-irA'I/— 9 5\t. 
— 9 CtfJ-fc/tV— 9Mtt9<Dn®\MiZ§ZW.2 

[0 0 0 9] — jEf, #y— Hmffiffidw-fe/iu— ^ 6tt, 
tAk-^Sttl it, dCD-kAU— 1 1 roffldS 

[ooio]«tic, c©i|i«»i©]siffl*BHrrs. 
[0011] Ty-h*m®3(c^7^. *y-K«* 



«S 3 , 4 MtcisttsmSMMtSlfcK: «fc 0 

[0 0 12] 7/-KtS3l:**Sft|&t4i. ** 
gib. zk*'f*>ttH#S!» : F-|(t2SJioT. ftfc, m 

: ftt^«lei»*ii-3T*y-H«S4K:-tn-€ t ft»«rr 
4. — 2f. *y-h*«S4(c«^$nfc^«4 1 ©^* 
iS, fiI14al;fel>T. ^KsH-r^-ytS^tlciO* 

4. iP^. 7 / - Kf S 3 t A V - H fg 4 ttii. KK 
[0 0 13] 

[ft 1] 

7 J - KRJS : H 2 — 2H + +2e 

fcV-KKlS : 2H + +l/20 2 +2e"- HgO 

[0 0 14] u©i5ft*fifil »C*V»Ttt, B^SU^ 

2 ©^zkflta^fc < <t -r * < & o . 

«S»7t»fl;a!l8 4:©S^ (?nxt-A') #SB3iU 

[0 0 15] atKiOTZ-KtlS^lBL 
fc**'f*>*«H«:«» : FII)t2*iiO, *y-h**«4 
(C^WjT^BftCTKfc-^fC^Ki-r^o Z\<Dtitsb, TS- 

K««3fflTttH#tt*HN«2Km»«iajK:;&:*. ft 

2ttS£^«[S]lC^:S. CCDfc*, ^JnSbfc^iBf 7*5 
[0 0 16] tC5T, #«?&l©em^t41 VJ£CF£: 

[0017] @*K^m»KS!«s»^?aicjSfflsn-5 
-fc/iu-*5, 6«, 1 *$Hfrr*«*e*Kffc 

5, 6«ms?ai ^sfbLxmsfex^-v^iiL. 

a*. @*is»fi»iii»titt7 or^ 

6.9 0t:ftT<7)ltt!«WfiS*Tlbf^-r4^, CLCD«fi6F«g 
gBco-tr/-?U— ^ 5, 6fi. 7 ot!i>5 9 CCSTroiaS 

tC*5^4^fa^«mtCjfi^*^$:^^c^lC$6$ 



(4) 
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T. -Ml:«Xr>l/Xf^f X^>bX3? 

[0 0 1 8 ] 1 9 7 0^ft<D*B£43^T, 

-X->* h;WBfcH583n&H#»#^«B«S«*5Mt 
ftsco-tr/'Sl'-^bT, «nfcWfttt*Wr*Jt*KT 

^fbTbfc. tCX-. #g«rtfUS-5521018K:»«3n 

TA-*>Mffflt5CtT. mft&X^-y^CDigfirt; 
^tfnx h<£i)i££H^T^*„ 

[0 0 19] HI OH a-^KSfflUfcBttifiSa^ 
[0 0 2 0] HI Otd^-riofC, 1 3 

*. -tl/T, ^©fifiX^.^ l 3tt, *#<KJS;ffX 

-r*fca6co}jnilS&l 6^f,MSft?>. 

[0 02 1] 01111 010 cottf&gB 1 5 iZ&tfzm 
Mm 1 CDflf/SSr^-rBSHT**. 

[0 02 2] 111 -5 fc\ mffiSB 1 5 tc@2^£ 

£&A,T T 7 - H 3 *3 <fc Zftl V - H W.M 4 tf*BBS £ 
tl, 7V— K«@3<&*MWK:. ^aiffl-feAU-^ 1 7*? 

g^n*. 

[0 0 2 3] ftmrn-trtv—i? 1 7K, sjetc#t^i; 
[0024] 11211 jjv—} t mMm\znm.2nfz±. 

>\V—5> 6 ^^-r^FSHT-g)^. 

[0 0 2 5] HI 2{C5VrJ:5fe:, -fc/^b~^6tt. * 
— ^>«^£&*{5f£lE;^CD-t:/1l/— 1 1 £± 
b. Z\<D±./%\/ — 5>mil 1 CD— PSt, ^M^cfc^ 

□ 1 9*<««-Sft-0>S. fLT, Cine.CO^APl 

8, 1 9 t^rfij-r-sffljfc, a»«*i^«»*x*»ui-r 
-a. ±.n\s— zmtti i«flfiPstn ^tk^a 

□ 2 2t5j;^«l*S^tiiP 2 3 75^tte>nT^-5„ -f-L 
T« dCD-fc/tl^-^StJl 1 _k(Ctt. £«*Ktfi;ffiK:* 

<fcj6ic-y— ^>^-r >«co^^2 4a*jgj££*u c 

C0^mS2 4«, ^giAP 1 8 *J«fctf^jftUiP 2 0 
[0 0 2 6] £»if2 4ttJ*tt«SeS*^a-#>«T so 



6 

&z>±rtu-*m%ii 1 iz-yuxmn^m-r z\tiz&o 
— HmMjco-tr/N"]/— ^ 6 tmrn^mm^-r^o 

[0 0 2 7] H 1 0 iZ7R-?lJUMffl 1 6 CD#|fiJctt. ^ffc^S 

Kmx* m±tm#m& : ?m 2 ^bTSt?>© t «g 
tctemwx7>tfKm*tm-rz>z\t\z<i:<omm2tiz>h 

CDT&*. 
[0 0 2 8] 

fci^ft-tr/^— 5, tt^tLT. -fc 

nv—9<o, 6<DJP;*£W<T*tcfci:|g?F-£WbTlr> 
Ac. 

[0 0 2 9] ^coaatLT. sPlltc, 

SfcM2tc. X-#>mZ*nmiZg>7LKteT'i!b<0. -t 
/1 ^ Pflcotf X CDjgjl&J; ^7Kc0Sjl2:BI5±-r *i&g 

(K#F-£*bTH&. ±K!iLfc*ia^fFnS-5521018fC*5t,i 
Tfc, tAl/- ^COiP^ttl . 6mmt*D- — JgCDjp 

[0 0 3 0] SffiX^y^ 1 3 Mfc-T^fe* 

H5raH£Wb-0>£:. 

[0 0 3 1] 5^>W^«-?-tlg^ii5ffi-C* 
* fe«6 . inxh b t » t V» 5 M IB^ft o fc. 

[0 0 3 2] $SJC. *-#>«ttJ»e***«7;l/5 = 

[0 0 3 3] t^l/-i'tWtbT*-#>«* 

m^-nz, -tnu-ftmii i,-c&m&m^-ftm-&iz}s 

J; ******* «»©tt«**teT-ratlr»3nHS 
*bT^fc. 

[ 0 0 3 4 ] #%HJH cn6©WB6*fttSfc»t 
^Sn^^cOTSO. @ftiS^««KMm»«?acO-fe 

* »«-r * z. t & m m 1 1 * . 
[0035] #e»nfcHf*iS^««P@i!«8»m 



(5) 
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&m&i? z> z. t & m m t-r *„ 

[0 0 3 6] 

©t a i/-^M±i:»i$ >tfmtfr<z> 
i«sn. iUBn—f-'f >tfm\t. &&§msK&m. sh 

swat*-*. 

[0 0 3 7] i&m^&ttttlf te&ffll$©m^&irE©{gT 

Wffl)IHtJltt«»**!B»T&K©*i«*MFll:-r 

[0 0 3 8] ±a£L£:J:3fi:. 
mffiW-feAl/— ^tt. 7 0t*6 9 0 < C^T-<Ofig?a*^ 20 

-< >ifm&{g.nm.m.iKfem. wttt&mtutttwmmikM 
fr*>ts.z>&mmmttz>z.t-c. t/^-*i:s*sft 

[0039] *fc*%Bjic<i;n«, 9<r>mm 30 

[0 0 4 0] $e.tc, W*|«ttJi£»ttfcfc«>. f£BI© 

ffi±Tz>ttmz. n.nt£E<D!KV&frt£<mm&<Digi^ 

Si*Mt4Ci*5T*«. ftoT, *5!BjtCJ:tl 40 
[0 04 1] m$tm 2 |B«©fgBJte. §il:&g 1 IH«©@ 

frw-rtifr 1 as ©«•&«**-?<&£ d t &w 

[0 0 4 2] *JE«CJ;nH -fc^U-^Stf©****** 



rt©?&flIj«fl:K:ejS-rSit*t "initio, »flHt*6*« 

[0 0 4 3] »#3B3iH«W5£BJ§H:, M&fll f2*©@ 
MlStrtteB £a-5V >^Jl©Sfl.jffC. H^ttB^ft 

-r 

[0044] *iew»cj:n«. &nm.mK®im-ztemm. 
ft mt is-mra-trst iz-^ffltaw^ttfitisiiT 

Mft&f©ltlf£litl.u l !:^t5. C©7& 

Bt*l**Hi±-r* ttfeC. SBLfc £<DXf6frU < {Sffi 

[0 0 4 5] flt*3(4Btt<Z>$g91tt. gi*^3f2«©H 

J£Jn©©(/>N i . Fe. Co, B, Pb. Cr, Cu, 
T i . Bi, Sn, W» P. Mo, Ag. Pt, Au, 
TiC, NbC, TiCN, TiN. CrN, Ti 
B2. ZrB2. F e 2 B, S i3 N4 ©^fn*»H 

•5. 

[0 0 4 6] #fg93lCcfcttfc£, -fe/^U— ^»«i©JSfP 

ifcii»/ai»©A«m«*Krjh-r*tfct)R:. «?LfcE© 
[0047] mMsKMtwa&m&ttmnsmin 

S fcWWfJglteJl © 5 % © 2 JRgLhft* 6**3- 

?w >{fm&±rti'-9mtt±\zMi$.-?2>ztt:<&mt 
■r-5. 



[0 0 4 8] *»W»CJ:ntf. m%&Vi3s£.tfmM.mri 
t?#*. ££tc. «#tttBitttfc:«nfc«»*»<^ 

[0 0 4 9] R#£ 6 |EfJ©569itt, |f ^ 5 f3«©@ 

*«*HMMMffl«««iiM>-fe/'< u-^o»jfi*ffiK:fi 
0. 1 ^?n>U±£:?Z>Z£$:!&Wlt:?Z>. 

[0050] m*m7 mm.(Dmw\$. m^msmm^m 

^T. Wit S$ffl^T3-r-f >^I&MT5 

&tt&&ftttJI®KJ*& 1 . 0 5i7P>JW_h. »ft 
ttH©IR*Sl. 0 3^n>«±*J:t«Hi!l(IHtJB©gt 

[0 0 5 1] Bl#«6*«fctf 7ElUD5B9iK:.fcntf, <£ 

^7it*©JBAH ; F*S/MBH.jg6&f-rsct7&«-e#-5. d 

GUT* M^ltOtil&eittl 

& «k rxw<t tt Jl & -5 d t Tf # -5 . 
[0 0 5 2] iM8IB«CD9ina, l»*S7IS^©@ 

^^m*Ks«s^?a©-fe/tu-37©!H^fetc43 

(200) (002) <Djjmzmfa-?z>z:t$:& 
[0053] *mwiz&n\x, tttttt&fticcn. 

W©7 0"CA»6 9 0"C©figfil*^lC«t-5JS*, g&fcf® 

*=t»£tt£»*;i£#T:££. 
[0 0 5 4] if 9 IH«©^BJtt, §f#Jg6ic£:te8 

I«$l:5x l 0° %JWT£T£C iT*,, 
[0 0 5 5] #5!HJf{Cj;*ltf, «7L£et>-?TilA-f<5 

>©**«T£tt, tt«<fclBMfi£©tt»WS'3-HfcB& 
<Ciu6«T?€rS. Sfc, fil^H©7 0tfrf.9 0'C©SS 
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%\*mMiz£z>m&> mnmm^ vn&mz^zm-k 

[0 0 5 6] IffjfclSl 0fB»©F§BJ§tt. Mf$« 5 tBIK<Z> 

10 [0 0 5 7] *»KIC«fcn«. Iftttffitl/TMft-fe 

£<J;£«JE(£T£&/NgK:TSd£;o*T?£-5. 
[0 0 5 8] flfcftgl lE*©36Wtt, at#9f5IBtt£> 

[0059] *mmz£tnx, ^nv— ?mm±.\zft&. 
[0060] m*m i 2 tsM<Dm»m»^mmnsam 

[0 0 6 1] 3 E*t0>3S9it2. tt&91 2 IB© 

40 [0 0 6 2] Wj&BI 2is«fctfl 31Bti©529ik:=kn 
ihL-rstifelc, -fe/IU— ^©Signx h©ffi«*S 

[0 0 6 3] n^qii 4tm<Dm&mtt?mmMmm+ 
i»0t/^-?n ^*j®5^e i 3^T©^-rn*-> 
\zn.m<D@&mft^nm9mmmnm<D-t/'<ii'-*<Dm 
mjjm\z£K)'&z>nz>. 

so [0 0 6 4] 



[0 0 3 6] 

\Z&W £ tlZ T J - H J: V - K «« i: <E> fc 
nxffl ^ 6tiSl#K» : f«*KS!ifiljlli©-l:/'? I/- 

:&ttJf £fcte»iiJlilttJf © 5 13© 2 JUK-t#> <bte3#B 

mm&m? ft z>. 

[0 0 3 7] ««£JSffittJlttttttPS©«Sa£«©ffiT 

[0 0 3 8] ±5zEbfcct5t, 
mffi©-t/tU— ^tt. 7OWe9O'CST0®?n*l 

aKsssn, ^o. «Si|Bf«ffi!|##©«^©^Sjaffi 

-^©tt^^+^-(c?l^tt}-&^„ #tc, SftittfgtLT 
II&tA U-^©««WJ&:S5«at!iSfiTa-&-S z. 1 

[0039] ^tz^miz^nu. t/tv-^oiffn 

C <*: ^©KJ&tfX «fc S 

[0 0 4 0] B««ttJiSRWfcfci&. £BI© 

&«tt£fa±-rs &Bt&j&i$©&iKiiie& 
[0041] 2 ib«©3S9§b:. mim 1 IB*©H 

[0042] *ftmz£.n\z. -trt\s—9mt<Diftwfi 
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sb. 3ic &±mizf&*kT2>m&%imsk< t-^-^k 
[0043] nt^s 3 i3«©mbj«. m-&m i is«©a 

10 &«irittJi£n— 5V >^»©«^JHc. »<EttJl£iilJ 
trEttif $ fc ttgtaBHftttJI ©T/f (ClStt fc CI t %<&m t 

[0044] *mwiz£nte. ffi*ftia»ittjiir»4««i 

3*. #«»©ffittK:J;.5WE4rFfcKrJl:b. ttig&J; 

*mjgtn:i4)i©TJiicigttfc n t »c «t o . < m 

20 +{c#aELfcS^©»?L£efroTitA-r-5H*^JS:£ 
Sfefig^<i:©ffi*B? : S:j[|»fr-5C:t7>*-e#-&. d©fc 
*JB*KJ:*&K©*Ift^1r/^— *a^©ttf)BffiT£ 

*t«ttttJi*fcttWAttJiTrTjef*ftii©»mt*i^ 

«*J«S6&lh?-* ^?L&<i*©^(Sf&7!>%<«i8i 

so [0 0 4 5] M«9l41EMR©?e91tt. tt&H3iBtt©S 

SCSfitttB. »^14Jl*5 c fc^WiiJgi'ttJl©»^t±. 
gfex©{£tiN i . Fe, Co. B. Pb, Cr, Cu, 
Ti, Bi. Sn. W, P. Mo. Ag, Pt, Au, 
TiC, NbC, TiCN, TiN, CrN, Ti 
B2 , ZrB2, Fe2 B, S i 3 N4 O^ftl^li 
WSfctt 2 a^«±©a^$JWT*^ C <h S#fSit 
-5. 

[0 0 4 6] *fSigt«fctl«, -fe/N°l/— ^««t©^fP 
40 tt£Gmsfc©&J8©^Jm4£fa±£S£C 

«R»*l^©ftlH*)l«*»lh-r*i:tt>t:. «?L&if© 

[0 0 4 7] H«Q| 5 Efl|C!>H#:»jHHMm9jRft« 

fe©-t/ti^-^©©jg*fet4, mmmmm. it^mm 

2«fiA±©«£r7 p nir;?.£ffl^T. -(gsmStrLttB, H 

x-r >?m&±rti>—9mtt±\zMf$.-?2>z\£&!&m}i 

50 T'S. 



[0 0 4 8] *»9BI=J:n«. M$Lm.m*3&Zfii£tet&tri 

[0049] nt&g 6 i2®co^bj« % 5 mmom 
wm^mmmmmnmm^/^ \s—?<Dmm*mz& 

S^Sinittjf ©JKifi* 0 . 0 2S^n>fiLh, «:&ttJf 

©aiji^o. 1 5i'p>jw±^ e tywi'iiitt^©aj?* 10 
o. is^n>6t±<fracit«r«r«t-r*. 
[0050] rn&m 7 ia«<D389itt. msrjb 5 iBtt^a 

IB. ««SffiifittJi©IBU** 1 . 0 3*n>£Ui, W* 
ttJf ©ISI^S: 1 . 05^70 >«±*J:tfW*ll«tJI<DIIJI 

[0 0 5 1] »*5l6*J:^7E«S©»W»C«tn«, ffi 

&<. •JfittDBtbTSBtt-t/^U— ^©««WS:«tt 20 

T*»itr* »9*fBttJl7«ffi 

«migtn;tte s fc b wfttt BT'^s-r * &0t © mm& & 

lfiUL-r*C£*«T#fc*. £N«j&R*C!>tt*fl&iM£]| 
*fcttW<tttH©&K«li**^ISC8Sjl:rs ttfe 
K, «?Ltti:©^BIS*Jtt<«JIHt<oasv»ffi*a»ttttJl 30 
*3 J; WftttB £ JgfiK-T -5 Ct*5Tt-5. 

[0 0 5 2] »lR3B8iESc©fgBJ§te. Bf*^7fB«cD@ 
#i« JtffljBMttffl-fc/S ©RJB^ftKiS 

(2 0 0) (0 0 2) <Dj3mzmft-?Z>Z\£$:& 

Witt*. 

[0053] *mw\z£tui. m&ttfi&miz&n, mm 

IB© 7 9 0 , C©«aSl*3R«lC±*JB*» fl&ft* 

MWoVteKf^SAAtt^MMa-COitWIBtt 40 

[0 0 5 4] §f*S9ia«S©SW«. if*^6$fc«8 

ismzis^x. >t?m*iz&\i%m.?im$:Xf& 

I«fT5X 1 0 0 X£ilTfr*Jlt*W*i:-r*. 
[0 0 5 5] *369!»CJ:nK, HtfL^^boTitAT-S 

>©fi£teT£-t!\ »@ <!: IS® £©«««-> 3 -h£BS 
<Ci!j5-!?f5. gS#K©7 or^<=>9 0t;©& so 
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[0 0 5 6] Ii?5jc3il 0K*©SB9iH:. ttjfcJg5fE*© 

*5^t. •krt\s~s?mi±iz]&j£2nz>=i-T'{ >ifm 

[0 0 5 7] *»9iK«tntf. «»tt*tl/Tlfift:t 
[0 0 5 8] iaa««*fHtt. St*"! 5 IBIS© 

[0 0 5 9] ■fe/tl'-£'«W-kfc#«E 
-r*=Fift!8&it*fc»4»fl:«*l**bT^6 3-T--f > 

*&, AgtiMtttOttRtt 
[0 0 6 0] M*IB 1 2 EttOHttlta-TWKJtSJKtt 

t/^-^sffl^, men— jr-r mm 

[0 0 6 1] ii^cJS 1 3 K«©f69Stt. MJfcSI 1 2 IB« 

[0 0 6 2] »5frS 1 2 1 3 gE«©fS93fc:«i:ft 

±L-r^><»:i:fctc > -fe/1 U-^©^itnX h©{£M^0 

[0063] 1 4 t5«©@frSi^*)SK^^ 
mm<D±/tu—^\t. §»*«5^6 1 3 ^T©^-rnd'> 

[0 0 6 4] 



11 

T. H 1 ~H 9 1 ~«4 SfflVsTKSt 5. 

[0065] miMfflm (hi. 12) 

H4J«tWHK»ttB^6«liS*ns. 10 
[0 0 6 6] tAU-j'S*f©tffttl / Ttt. 

[0 0 6 7] sr. ■fe/XU-^3£«JiK#fiE-r<S'F»!8 

u sr. -fc/^u-^at*f±k:»f««ittJi*«BUfc. 

b&. 

[0 0 6 8] fita«RI©«fii:l/Tli. *£3lS<£ffl<D 20 
#>*f^wiiSiffifii-e*^ 1 0 0 0 «Q cm 2 till 
mi>\ -E-n«tO<£^m»Stit«:#'r-5N i , Fe. C 
o. B , Pb, Cr. Cu, Ti, Bi, Sn.W. 
P. Mo. Ag, Pt, Au, TiC, NbC. TiC 
N. TiN, CrN, TiB2, ZrB 2 . F e 2 B, 
S i 3 N 4 ©Hf 1 IS* fctt 2 Ii«±OtJ»S 

[0 0 6 9] Sfc, »Att)l*3j:^WiiJgtt4Mi:LT 

[0070] cnf.©3-f-f>^atit(i mt 
v^-rti^ 1 asfc«^-n&» 2 aj^jiroffi^-^p-irx?: 

[0 0 7 1] «*tf. f»a3»»at4:UT, 

-as ^->>^ft©viTn*'> 1 asfc«-?-tie.co 2 a« 

VDS, ^X^CVDS, lx— »f— CVDSC^fn 
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a. *-^>^yi/-a (*-#>«»*iie^#jttttt 

itTtt. ^&gg£ffi. tt«flHK£ti;. & 

7/ - Hlfctt«5lf»f ft* 1 1* fcttWS 

<D2a«±©«-&yD-irx<£ffl^-5„ i§#*ffitLT«. 

[0072] c©iitt*ffii: < kDft6n5H#»»? 
[0 0 7 3] 01 fC^fJ: 3 «£. -fe/1 U—9 30I1 & 

sjKs-fe^w—^aw 3 uttc. mmm&m 

3 2. ItttI3 3*SJ:r«£«a»»tttJi3 4*6ft3 

[0 0 74] Sfc. WfiJISttJf 3 2 iS^UWAttJf 3 
3. $tl«MI3 3*J:t«E«ft«ttttJ13 4©3 

^fc-t+Tt^if-grfcte. ffitt^jgtivftjf 3 4 . WAft 
M 3 3 *fcttWPJI8H4B 3 2 ©l^-ftl/O^n-TV >^ 
13 5*— «K:bTJiJScft«6rci:*»-C#S. dtl* 

0 2 fc^-r. 

[0 0 7 5] 02 (C^-TJ: 5 (C. -fe/N-k-^ 30lt & 
JgcDjWIgTJ^/SS-fe/N'U— ^M3 1 JitC. P— x-f> 
^13 5*«««StlT*«an*. ^bT. 
-O^J13 5te. WfiM14Jl3 2 ttef*ttH3 3 t*|S| 
— ©Ji£UjfcW*J*te:J3J:tf»AttJ13 6£. ^CDf3 

6 z&m? 2>&m%m,inmm 3 4 l& 

[0 0 7 6] Sfc. ±.rtV— 5>Z 0 iZte&mmttl&ftM 

■*-**iH€i#fc*T* 0 . *+#ca» 

* 3 0 £^UTJM^£«»UT«*iHtMl2: UTtfflt 
t Al/-^ 3 0 V- t^tSi*sgftt5i 
fcitf-tr/^U— * 3 0 t7/-HHt^S»t53- 

>^«»*»J«-r*i8JR*«**. @ 1 *5J:tf0 2 {C^-T 
±-5tc, -trAl^-^3 0t*««<k©S5j»atfit«<-r 

4e=i— >^-r5<tJi^. 

[0 0 7 7] UTFtCti^T. St^Sfei^S 

3 5&JgfigL-/t. 
[0 0 7 8] HiSgijl 

[0 0 7 9] &i&i££flH>VT:. -ir/tU— ^I«3 1± 
IC. ^In-r^>i'13 5JtILfc, 

[0 0 8 0] 3-r^>^13 5 0TO<i:lT, -fe^l/ 
-*»2 3 1±(CN i Sfc«N i tLT«* 



13 

[0 0 8 1] -t^U-5>mtt3 l_tiCN i Sfctt 

N i ©£■&£. ^-©±i£C r ££:«C r ©£&£, ^© 
±ICN i SfcttN i ©£•£:£, UTS^HtC A u £fz 

tt a u ©•&& zmw b fc. 

[0 0 8 2] .fcfttf. SKaKCAulTB 

«ttl$©«««fS©ffiT£H»ihU -5-©TB©N i Jf T 

«a u mv^mti £iis#&i«wiijgi£iftit-r£. tit 

ttJS:fe£j£4&fc.h*©Jg&B^*igl*frb. 

r Jfe«AuJi:j3«fctf-?-©TJ§©N i Jf (C^ffi-T^TL 

Sr, C r*fc«»Ttt^©*»»ftffll£««bTN i 

[0 0 8 3] ^«SW2 

[0 0 8 4] ^JI^*?££fflV>T. ^Ia-f-f >^J1 
3 5£. -fe/Sb— l±tCK«b£:. 

[0 0 8 5] n— 5V >ifM3 5<D«fii:LT, -fc/1b 
-^3 111;, CrSfcliCrO^M, -?"LTI 
ftmiZT i N$£:«T i N©-&&£6EBU&. 

[0 0 8 6] ifc> tAW-^3W3 1±l:. Crifc 
ttCrffl^M, ■ecllCTiNt/cliTiNffl^ 
^l/T, 3 "=>(;: ^©JfJitCC rSfeliC r ©£■& 
S, ^bTg*Uf f'T i NSfcttT i NOD^SEHb 
fc. 

[0 0 8 7] #*««fcj;ntf. gtwtmsm i njit 

"CttT i NSO?g3|F**iiS»SW«)iiJSt*B6Jh-r-5i:i: 

t>K, t i N®{c#ffi-r^«?L^e^oTitA-r^>^^ 

IWT i NSTtt, C rHtr#ffi-rs«7L€:efeoTii 

ITH, T i NJi©«***K«>ftBl©f(|«*S&jt-r* 
T i NHtC#ft-r-5m?L?:e^oTjtA-r'5) 

aWU. JB*fcJ:*&IH©*|ll*Bfrjfc-r*. 
[0 0 8 8] fot, *KaS»!B»C«fcn«. B#iU#T 

*t/1l/- ^S$*3 1 ©^®{cn — 5V >^bfcfc#, 
«?fcttfi£<!: LTiSatAl/-^ 3 0 ©mia,tfJte«&;J§ 

[0 0 8 9] *steM»fli©a-T-^ >if*tticj; 



(8) 4$ S3 2000-164228 

14 

< . B*tt»c«nfc*r»&^sis*^ft<ifts6fc:»rii-r* 

[0090] ^mmmmiz^tnt. tnv—$ 
S#3 iotWil/T*wmtffit>6J:il:J:l). 3ft 

SI. 0mm£*T©»«lC-r-5d£a*Blt6T&0. fi£5fe 
20 KJt^T l/5©J¥£l::-r -5 -5. #JS 

mizm^zm&wm^^-K-jiFtoaftmmmz 

[0 0 9 1] Z\(f)^\z. -b/t V>—5> fc»e»©«fc ^"t 
^^Sffl^T^-SfcfetC, -fe/1b— * 3 1 
?&©*S:f^7^ >tLTfiJffl-C#S«t5fCfe-5©-C. ^ 

tel^©-?, 3R&£#;ft*01C«T£te5J;5&*?ftJ&K:*5 
i»IiiB£fc*. £>=>fc. ^S-fe/^b-^W^TLK**©*- 

^>tcjt^T^^©->— ;n4*^v^fc«e>, ^oas^-fe^ 
[0 0 9 2] ^*s*RJS:^^©JnS»cfijffl-r 

^. b^U SSJOSSSS^TV^fc*. frfcKJ&nS 

ffl©7kassriaa-r-5!^M7j^<, ^>i? 

[0 0 9 3] ftlgmzm (13~i4 ;^l-^3) 
SSftSbfco 

[0094] nmmi mi ; 

so ^jSWC&^Ttt. SUS316 



(9) 



4$H§2 000-164228 



15 



16 



£»/&U aifrNo. l~No. 6 4CD-fe/1l/-^ : £ 

[0 0 9 5] i3ll m&mz£K). Zl—<r<< >?m$: 

[0 0 9 6] 03 izm-T^OiZ. -fe/IU— ^3 0(1 -fe 
tI3 2t. Cr$fflHfciMM3 3i:, AuSffl 10 



[0 0 9 7] KlJtNo. l~No. 6411 * 1 (C^ 
f«k3K. «*»«iftttJi3 4T?*-5AuJBifcO. 01 
~0. 0 4t^fk$ii-fc„ Sfc, lttI3 3T^C 
rJl£0. 0 5~0. 2 5i7n>tf{tSt, 5^1:, 
W*MttI3 2T*5Nii^0. 05-0. 2S^n 

[0 0 9 8] 
[*1] 





fsmSKfis infer 


JmS 


finastiw 


MA 
^ft 




^ft 






m 








as 

*rft 


1 


0.01 




0.05 




0.05 


& 


33 


0.03 


m 


0.05 


ft 


0.05 


ft 


2 


0.01 




0.05 




0.10 


ft 


34 


0.03 


in 


0.05 


ft 


0.10 


ft 


3 


0.01 




O05 




0.15 


*a 


35 


0.03 


hi 


0.05 


m 


0.15 


ft 


4 


0.01 




0.05 




0.20 


ft 


36 


0.03 


id 


0.05 


m 


050 


ft 


5 


001 




v. IU 




0.05 




37 


0.03 


in 


0.10 


ft 


0.05 


ft 


6 


0.01 




0.10 


ft 


0.10 




38 


0.03 


■ i 


0.10 


m 


0.10 


ft 


7 


0.01 




0.10 


ft 


0.15 


ft 


39 


O03 


in 


0.10 


m 


0.15 


ft 


8 


0.01 




0.10 


m 


0.20 


J* 


40 


0.03 


hi 


O10 


m 


050 


ft 


9 


0.01 




0.15 


m 


0.05 


Si 


41 


0.03 


in 


015 


ft 


005 


ft 


10 


0.01 


* 


0.15 


m 


0.10 


m 


42 


0.03 


in 


015 


ft 


0.10 


ft 


11 


0.01 


* 


0.15 


tat 


0.15 


m 


43 


O03 


in 


015 


m 


0.15 


ft 


12 


0.01 




0.15 


ft 


050 


m 


44 


O03 


ii i 


0.15 


m 


050 


ft 


1 13 


001 




020 


ft 


0.05 


ft 


45 


0.03 


in 


050 


m 


0.05 


ft 


14 


0.01 




0.20 


ft 


0.10 


m 


48 


0.03 


IM 


050 


ft 


0.10 


ft 


15 


0O1 




050 


ft 


0.15 


m 


47 


0.03 


ini 


050 


** 


0.15 


ft 


ie 


0J01 




050 


ft 


O20 


m 


48 


0.03 


ii. ii 


0.20 


ft 


050 


ft 


17 


0.02 


18 


0.05 


ft 


O05 


m 


49 


0.04 


IOI 


0.05 


ft 


0.05 


ft 


18 


0.02 


ft 


0.05 


* 


O10 


ft 


50 


0.04 


mi 


0.05 


ft 


0.10 


ft 


19 


0.02 


m 


0.05 


ft 


0.15 


ft 


51 


0.04 


mi 


0.05 


m 


0.1 5 


ft 


I 20 


0.02 


ft 


0.05 


ft 


O20 


$5 


52 


O04 


llll 


0.05 | 


m 


050 


ft 


21 


0.02 


at 


0.10 


SI 


O05 




53 


004 


IUI 


0.10 


m 


0-05 


ft 


22 


0.02 


«■ 


aio 


ft 


O10 


ft 


54 


O04 


ini 


0.10 




0.10 


ft 


23 


0.02 


ft 


0.10 


ft 


0.15 


ft 


55 


O04 


■ i 


0.10 


m 


0.15 




24 


0.02 


m 


0.10 




050 


ft 


56 


O04 


ini 


0.10 


m 


050 


ft 


25 


0.02 


m 


0.15 


ft 


0.05 


m 


57 


0 04 


ini 


0.15 


ft 


0.05 


ft 


28 


0.02 


m 


0.15 


ft 


0.10 


m 


58 


0.04 


ini 


0.15 


ft 


0.10 


ft 


27 


0.02 


m 


ai5 


ft 


0.1 5 


ft 


59 


O04 


m 


0.15 


ft 


015 


ft 


28 


0.02 


m 


0.15 


m 


050 


m 


60 


0.04 


ii 


0.15 


m 


O20 


ft 


29 


0.02 


ft 


050 




0.05 


m 


81 


004 


in 


050 


m 


O05 


ft 


i 30 


0.02 




050 


m 


0.10 


m 


62 


0.04 


in 


0.20 


m 


O10 


ft 


31 


0.02 


ft 


O20 


k 


015 


m 


63 


0.04 


ini 


0.20 


m 


015 


ft 


32 


0.02 


ft 


O20 


m 


050 


m 


84 


0.04 


mi 


0.20 


ft 


050 


ft 



[0 0 9 9] -E-LT, 7/-K1IH TV-FftMKJB 
-K«iIt*V-Ft/1U- ^ttcfcOJgJSKbfc. Z\ 

[0100] JB*tt**#i: UT. ItlES: 0 . 6 
[oioi] * i fCTK-TJ; 5 tc. JS^KSitis^TS^ 

3 4 0DKiP?:0. 0 2 5 ^7 D >^±, S^AttB 3 3 ©I 
JP£0. 1 5 t? D >J^±, Wfijgttt^ 3 2 ©it/PS: 0 . so 



[0 10 2] gHMffU2 (12 4 ; ^2) 
■*Zs-?V— ; r-<Z'tf : fc.\Z&.K>, SUS3 16LSS±C 
K8m-No. l~No. 6 4©-t:/1l/— ^*«^TJBft 

[0 1 0 3] 0411 ^S^fetC^O. a-^-^>^ 

[0 10 4] 04tc^-rJ;^(c. Ott, -tr 

-fit, 3-r^>^13 5ll N i 
HSteJ13 2<h. CrSfflt>ftIftttl3 3t, TiN$ 

[0 1 0 5] Eiim-No. l~No. 6411 %.2\Zm 
-Tck^fC. fi«»Jgfettt^3 4T&-5T i NJB. 



4 



(10) 

17 

Jf 3 r H£,ktffiHMHH£JB 3 if [0 10 6] 

^n-e-'tlO. 05~0. 2 5^P><i:^tS-a-fc= »2] 







mm 




&a 

mm 


IKJSUm) 


sm 
** 




JgSU/um) 


*lft 








0E& 

*rft 


1 


0.5 


m 


0.5 1 


m 


0.5 


m 


33 


1.5 


ft 


0.5 


ft 


0.5 


ft 


2 


0.5 


m 


0.5 


m 


1.0 


m 


34 


1.5 


ft 


0.5 


ft 


1.1 


ft 


3 


0.5 


m 


0.5 


m 


1.5 


ft 


35 


1.5 


ft 


0.5 


ft 


1.5 


ft 


4 


0.5 


m 


0.5 


m 


2.0 


ft 


34 


1.5 


ft 


06 


ft 


2.0 


ft 


5 


0.5 


m 


1.0 


ft 


0.5 


ft 


37 


L 16 


ft 


1.0 


ft 


0.5 


ft 


6 


0.5 


m 


1.0 


ft 


1.0 


ft 


38 


1.5 


ft 


1.0 


ft 


1.0 


ft 


7 


0.5 


m 


1.0 


m 


1.5 


ft 


39 


t.5 


ft 


1.0 


ft 


15 


ft 


8 


0.5 


m 


1.0 


m 


25 


ft 


40 


1.5 


ft 


1.0 


ft 


2.0 


» 


9 


0.5 


* 


1.5 


m 


0.5 


ft 


41 


1.5 


ft 


1.5 


ft 


05 


ft 


10 


0.5 


m 


1.5 


m 


1.0 


ft 


42 


1.5 


ft 


1.5 ! 


ft 


1.0 


ft 


11 


0.5 


m 


1.5 


m 


1.5 


ft 


43 


1.5 


ft 


1.5 j 


ft 


15 


ft 


12 


0.5 


m 


1.5 


ft 


2.0 


ft 


44 


15 


ft 


1.5 


ft 


2.0 


ft 


13 


0.5 


m 


2.0 


m 


0.5 


ft 


45 


1.5 


ft 


2.0 


ft 


0.5 


ft 


14 


0.5 


m 


2.0 


m 


1.0 


ft 


48 


1.5 


ft 


2.0 


ft 


1.0 


ft 


15 


0.5 


m 


2.0 


m 


1.5 


ft 


47 


1.5 


ft 


2.0 


ft 


15 


ft 


16 


05 


m 


2.0 


m 


2.0 


ft 


43 


1.5 


ft 


2.0 


ft 


2.0 


ft 


17 


1.0 


m 


0.5 


ft 


0.5 


ft 


49 


2.0 


ft 


0.5 


ft 


0.5 


ft 


IB 


1.0 


m 


0.5 


ft 


1.0 


ft 


50 


2.0 


ft 


0.5 


ft 


1.0 


ft 


IS 


1.0 


m 


0.5 


ft 


1.5 


ft 


51 


2.0 


ft 


0.5 


ft 


1.5 


ft 


20 


1.0 


m 


0.5 


ft 


2.0 


ft 


52 


2.0 


ft 


0.5 


ft 


2.0 


ft 


21 


1.0 


m 


1.0 


ft 


0.5 


ft 


53 


20 


ft 


1.0 


ft 


05 


ft 


22 


1.0 


m 


1.0 


ft 


1.0 


ft 


54 


20 


ft 


1.0 


ft 


1.0 


ft 


23 


1.0 


m 


1.0 


ft 


1.5 


ft 


55 


2.0 


ft 


1.0 


ft 


15 


ft 


24 


1.0 


m 


1.0 


ft 


2.0 


ft 


56 


20 


ft 


1.0 


ft 


ZO 


ft 


25 


1.0 


m 


1.5 


ft 


0.5 


ft 


57 


2.0 




1.5 


ft 


0.5 


ft 


2fl 


1.0 


m 


1.5 


ft 


1.0 


ft 


sa 


20 


ft 


1.5 


ft 


1.0 


ft 


27 


1.0 


m 


1.5 


ft 


1.5 


ft 


59 


2.0 


ft 


1.5 


ft 


1.5 


ft 


2fi 


1.0 


m 


1.5 


ft 


2.0 


ft 


50 


2.0 


ft 


1.5 


ft 


2.0 


ft 


25 


1.0 


m 


2.0 


ft 


05 


ft 


81 


2.0 


ft 


2.0 


ft 


05 


ft 


30 


1.0 


m 


2.0 


ft 


1.0 


ft 


82 


2.0 


ft 


2.0 


ft 


1.0 


ft 


31 


1.0 


m 


2.0 


ft 


1.5 


ft 


83 


2.0 


ft 


2.0 


ft 


15 


u 


32 


1.0 


at 


2.0 


ft 


2.0 


ft 


84 


2.0 


ft 


2.0 


ft 


2.0 


ft 



Wm2 000-164228 

18 



[0 10 7] ^2^t^frNo. 1-No. 6 4£r 

[0108] a 2 \z^£o\z. m&mmz&^Tmw* 
3 4©imi. o ^n>, itfti3 3<Dmm& 30 

1. 0 ^D>, KWM£J|3 2<omM*l. oa^a 



[0109] wz. mmm2\z^xm^nrz^^u- 

Pcd^—tj >tfM3 5 tz-D^TXmfttir&ftifzo 
[0 11018311 *Mittl:J:D»*Sftfc3- 

[0 111] 
[83] 



40 



50 



(11) 



¥iffi2 000-164228 



19 



20 



snjsx/i no- 


ix rn) 


mm 




«J?(*m) 


?f*ft 




JUSUm) 


a* 

mm 


vQ mm BX. »"J 


1 


0.5 ; 


*r 


(111). <200) 


0.5 




(111), (002) 


0.5 




(111), (002) 


2 


0.5 


*r 


(111). (200) 


0.5 


& 


(111), (002) 


1.0 


m 


(200), (002) 


3 


0.5 




(111). (200) 


0.5 




(111). (002) 


1.5 


m 


(200), (002) 


4 


0.5 




(111). (200) 


0.5 


* 


(111). (002) 


2.0 


m 


(200), (002) 


5 


0.5 




(111). (200) 


1.0 


m 


(200). (002) 


0.5 


m 


(200), (002) 


6 


0.5 




(111), (200) 


1.0 


m 


(200). (002) 


1.0 


m 


(200). (002) 


7 


0.5 




(111). (200) 


1.0 


m 


(200), (002) 


1.5 




(200), (002) 


8 


05 




(111), (200) 


1.0 


m 


(200), (002) 


^ 2.5 




(200). (002) 


9 


05 




(111), (200) 


1.5 


m 


(200), (002) 


0.5 


* 


(200), (002) 


10 


0.5 


m 


(111), (200) 


1.5 


m 


(200), (002) 


1.0 


m 


(200). (002) 


11 


0.5 


m 


(111). (200) 


1.5 


» 


(200). (002) 


1.5 


m 


(200). (002) 


12 


0.5 


m 


(111). (200) 


1.5 


m 


(200). (002) 


2.0 


m 


(200), (002) 


13 


0.5 




(111). <200) 


2.0 


m 


(200). (002) 


0.5 


m 


(200). (002) 


14 


0.5 




(111). (200) 


2-0 




(200). (002) 


1.0 


m 


(200), (002) 


15 


0.5 




(111). <200) 


2.0 


* 


(200). (002) 


1.5 


m 


(200). (002) 


16 


0.5 


& 


(111). (200) 


Z0 


** 


(200). (002) 


2.0 


m 


(200), (002) 


17 


1.0 


m 


(200). (002) 


0.5 


m 


(200). (002) 


0.5 


m 


(200), (002) 


18 


1.0 


& 


(200). (002) 


0.5 


m 


(200). (002) 


1.0 


m 


(200). (002) 


19 


1.0 


m 


(200). (.002) 


0.5 


m 


(200). (002) 


1.5 


m 


(200). (002) 


20 


1.0 


«* 


(200). (002) 


0.5 


m 


(200). (002) 


2.0 


n 


(200), (002) 


j 21 


1.0 




(200). (002) 


1.0 


m 


(200). (002) 


0.5 


m 


(200). (002) 


! 22 


1.0 


** 


(200). (002) 


1.0 




(200). (002) 


1.0 


k 


(200), (002) 


! 23 


1.0 


m 


(200). (002) 


1.0 


m 


(200). (002) 


1.5 


m 


(200), (002) 


! 24 


1.0 


m 


(200). (002) 


1.0 


m 


(200). (002) 


2.0 


m 


(200). (002) 


i 25 


1.0 


m 


(200). (002) 


1.5 


m 


(200), (002) 


0.5 


n 


(200), (002) 


! 26 


1.0 




(200). (002) 


1.5 


m 


(200). (002) 


1.0 


m 


(200). (002) 


! 27 


1.0 


m 


(200). (002) 


1.5 


m 


(200). (002) 


1.5 


m 


(200). (002) 


28 


1.0 


n 


(200). (002) 


1.5 




(200). (002) 


2.0 


m 


(200), (002) 


29 


1.0 


£ft 


(200). (002) 


2.0 


m 


(200). (002) 


0.5 


m 


(200). (002) 


30 


1.0 


** 


(200). (002) 


2.0 


m 


(200), (002) 


1.0 




(200), (002) 


31 


1.0 


#ft 


(200). (002) 


2.0 


m 


(200). (002) 


1.5 


m 


(200). (002) 


32 


1.0 


** 


(200). (002) 


2.0 


m 


(200). (002) 


ZO 


m 


(200). (002) 



[0 112] ^3(C*-r<t5{C. BA1±(C«tlTt/^^ 
^©jSS&Elfite. ^Et>iS.^-mm. (2 0 0) Sfcte 

(002) (D-^mzm^r^r^ 

coii3] m-Btvti&m<D%ighm\i>\mz. 

(111), (2 0 0) Sfctt (0 0 2) 

[0114] ^mmmmiz^n^ m&miz&z&mn 

ffitrEttJf3 4«lg|JS£0. 0 2S^n>jiy > ±. MfZ&m 
3 3 <Dmm& 0 . 1 5 ^ a >£l±, iffiJggttS 3 2ffll 

m&o. i *?n>y._ktL, £>t, yommmmz&z 
&mm.&m^m 3 4 <nmm^ i . o s z □ >&.±. m& 
tts 3 3 <Dmm& i . o s ? n >jy.±. mmgmm 3 2 

ffllf^l. 0 S.t7uyu±.tTz,zZ:\zJ:<0, ttftite 

mnmntg.mzjzzmjEi&T&m'bmz-rzzt'b 

A?zmm^m&§ii&Mt£i£<Dm-§i:mT$:m'^mizmm 
tsui^s. £6fc mfuz&z>i&m<Dmffi j $> j t 

[0 115] £tc. ^—=r-< >ifM3 5<£>££J1#&:£: = 

(200) £fctt (002) <»j5mzm&\-?z> 
cttzzD. sutra©^. mmmm&ii<Dn&mz& 

t\z&K), n$5.mts.mMm.in%i&i : t£i£z>ti:%\z. & 



40 



&T&m'^mz-?2>z\ttfT'^z> 
[0116] m3mmmm (is 



16 ; »4) 



5 x 1 0 0 %&,ThMl£l,tzZ.t\z-D^TmWfZ>. 

[0117] ^mmwAzn^xit. vowmmtinzj; 

0. SUS3 1 6LS#±l:3-f-f>^l*lS^O 

[0 118] El 5 tCTK^ck 5 (C. $>3 Ott. S 

US 3 1 6 L^e>?i^)-feAU— ^S#3 1 ±l:a-f^ 

i &m^fzmmM&m3 2 1. c r &m^rz.m-&:&m3 

3t. T i N§;ffl^fcftiSfittttI 3 4 

[0 119] ^UT. n-^^ >^S3 S(D%Hm^ 
ft^-tirT, ttlfcrt- 1 ~tt*H- 1 0 ttfc. CCT, n- 

t-^c >yji3 5 iz&Hrznzimz, feR^mmitrnffi® 

[0 12 0] s£Sfc}f 1 -ISilM- 1 0£JB^T. JBftttK 

muzTKT&fttmmtLtz. -t«is***4K*f. 

[0121] 
K4] 



50 



21 









i 
1 


TIM yf^v /KJ ! 
1 UN/ \JTS vil 


1 n 2 




o 
£ 


I IfM/ wf/ rll 


5X1 0 2 




3 


1 H»/ Wl ^ INI 


10 1 




4 


TiN/Cr/Ni 


5x10 1 




5 


TiN/CfVNi 


10° 




6 


TiN/Cr/Ni 


5X10° 


IS 


7 


TiN/Cr/Ni 




ft 


8 


TiN/Cr/Ni 




ft 


8 


TiN/CrX'Ni 


10" 2 


ft 


9 


TiN/Cr/Ni 


5xiO" z 


ft 


10 


TiN/Cr/Ni 


10" 3 


ft 



[0 12 2] i&4\Z?r,mo\Z. , JBfcKfUCiS^TS 
5 t*3ttS^?L*^RBSfll^T?5 X 1 0 0 %J^T*T 

JB***5B£ L felt & S . 

[0 12 3]fcT, 3— 7-4>lfm3 5 fCiStf-S^ft 
*££*RS®fi>?;T5 x l 0 0 %£iTt-r-5d«i:fC«fcO, 
^?L£e*>oTiIAT3&ig^J&:fc£^&£©Jig:£B 20 

(c «fc «JBfttt £3BB&:SMIT?<0 H9dKtt. Wfcitj&<fcj± 
U JB<tHJ:S&IR©*!mi-t»-fe/XW— ^*tf 3 lCDtttt 

@. C rgi3±Z/N i g^e,«|^$tlS-fe/tl'-^S:ffl 

*S:X85®a*T5 x 1 0 0 %£TF£:-f 
[0 124] i6H n-x--f>^fc«t0» -fc/iu- 

[0125] 06 tcs-r «t 5 (C. D tc«s«au£jftttJi 

3 4"fCM3 7^#ftLfciLTt), ^©TJf©W& 
14H3 3 KUtabfca?L*«*IW-tltf, ^?L3 7 ^fetoo 
TitAT5&&:fc«k^;fc£j£%&£©Jg:feB^£Ifft 

S3 3»Ct>J|iibfciittU?LtbT#«Ebfc»#K*^ 
Tfe, ^©TJlWSfliJftlJf 3 2*£g;jlUfc*ge«Jli: 

^jBA^ritift^^wjfiKtH^swiWKJi 3 2 (D^mx-m 

[0 12 6] £©£?(;:, m?L3 7 £efc>^TiiAT3 

itc^o, mmm<D7 ot^e 9 o*c©«aai*ii«i»c«fc 

SJBft. *»«ft##©«^fc J: 

*TfflW«*tt. Sfctta«6i_hU /g:£fCcfc&ftl9l©5iJ 

fgK'-tr^U-^Stf 3 l©14tgf£T^Klh-r€>Ct^T 

s*. s&, »aii««c j Ms«i7Kai»+c*iB-r*Afli'f 



#g§2 000-164228 

22 

[0127] mimmmm (em 

[0 12 8] -f *>:7U- 5V >^ftSffl«,»T, T i N 

[0129] — -trtu-zmttmrnzzi-T-'i 

ffiI*L6HSUS 3 16 LlW^Ct/^-^^ 
[0 13 0] HJfiiajA*3«J;0:jtR^B€rffl^T, *L-fe;U 

ss« tc*3 tt s «ect *3 i zsmmm.mmt & it cm l fc„ 

[0 13 1] 07^^>Bje>^75:cfc^tC, > 

^-Tcfc5(C0. 6X10" 1 V$:SbTi5 0, 

A* 3 0 0^FH*SJabTfe«JE©ffiT«S«)SnS:t/i. 

z>mnnj£te. *HT*-r=ke>tc 0. 35x10- 1 
fiT-r-sMiBjt^oTVi-s. una. -fe/^u— ?mt& 

©-ea5^>„ 

[0132] ^-JI^-tV >tf&MVt£$mmA 
©ttttStfitt. SSt^ti^ClOmQcm 2 ElTt 

L75:^ittSi0yB©«!]»an*5^sa»S*att6 OmQ cm 
2 -^$.0. ^Bt^^Sjl-r^lcSei.^ 80mQcm 2 

[0 13 3]fcT, **iS^{Cj;n«. 

[0 13 4] i#K»fi«fIlf4WX 
^©ffl^tC<toT«^j2^^0t:J^T©{£ 

fe^^-tc^, tttt«tn^ lt tritt n t ^ {cs^rtge©* 

***ISlx, #tc^*v-*-;i/h'rt-^-fe/N°I/-^©« 
i-t--< >^^©S^[C*3^TH, M#©«^f%ttM 

i 0 1» m&wsmifift. t» 3 - r - > y s ah, » « ,6jb 



(13) 



4*PB 2 000-164228 



23 

[0 13 5] ^4j»i (08) 
[0 13 6] CW#JlSrEI8iC^-r„ 

[0137] 0 8tc^-r«fc5(c, *-r, &m&<D-brtu 

^©m. »**i3C4 o*«t«a*riHi«4 i*fr^. n 
[oi3 8] i»£ttmJK4 o Ltzm. m^mmwk4 2 

[0139] miRsnfc-fe^U'— ^a*rsr. m» 20 

6£frofc. ^-LT, *t«!$nfcffitf£/&M4 7 LT. 
[0 14 0] □-f-f >yi*^t5ffif Sfitaft 

mm3xb0mM.fr e>mm&&2>. tz.x% *mmmm 

[0 14 1] akfttcJ:«3— ^>MHW>1« 

[0142] 40 

tt. 3^KOft«SHn«SftTfft<. Stale HIE 

[0®<&fMifr3i9i] 



24 

[Bi 1 ] *mw<nm 1 nas»jgt*tt*. 

[0 2] *5S"»©*l*flS»ffiK:*iWa. B#K*HMI 
[0 3] **IB©JB2*lS»!8K*tt-S, ^fetcJ; 

[04] *mwowi2mMMmizt5i-f2>. mmmmmz 

[05] *&we>%i2nmmm\z&i l ?z>. 
11. 

fedi:S:*-r8ff®0<, 
[0 7] **M<0»3*lfi»ffiK:*W«. *M0<JA<£>-tr 

0. 

[0 8] ^mMmm^nmmmtzmf^, mfc&ft^w. 
^0. 

[09] tE*fc*stt*. ¥«s&©^it*^-r0. 

[010] t¥*fC*5ttS, ^-^>«Sfflt,ifcH^ii5^ 

[011] ie*fc:*w*. 01 0 \z^?mmmz$>itz> 

[012] «E*t*3ltS, *V-K«*«C««Sft& 
•fc:/\' I/— ^ ^^-r¥®0o 

[^CDlftBJ] 

3 0 -fc/U — ^ 

3 1 -fe/tU— 

3 2 itfJfStttB 

3 3 »^<4J1 

3 4 ffiH^&fitttJf 

3 5 3— ?V>^J1 

3 6 MMt&&J:zm-6L&m 

3 7 M 

3 8 ^IeNR 

3 9 

4 0 ^*?KIhI1R 
4 1 Stflsltt 

4 2 |»5£c«ffiS 

4 3 m&wtmzi 

4 4 frfe/fl"— 
4 5 
4 6 

4 7 •rfe/tl'— 



ftffl2 000-164228 




30:-fe/<U— 9 



30:*/<L/— * 
31:*/<l j>£tt 

35:3-7yvyj3 



[04] 




(15) 



Wm2 000-164228 



[0 5] 



IM 6 ] 



30 





m 



10 
0 
8 
7 
6 
5 
4 
3 
2 
1 



17] 



_1_ 



_L_ 



100 200 300 

(hou r ) 



80 




70 




60 




50 




C 




E 


40 








30 




20 




10 





400 



[H8] 



38 



-39 



-40 



-42 



,41 



I 



43 



44 



I 



I 



y 
y 



JOS 



47 



4#Hf!2 000-164228 



[H9] 





3:7V— KM 
4:*y— KM 
5,6:-tr/<U— * 
7:*» 



9:-fe/<U-*»*f 
10a,10b:«**et*S?* 
11:-b/<u-*Htf 
12:Btt&lft**;* 



[HI 0] 

13 



14 



✓14 



16- 



-16- 



14*M* 

15:BJ&S3 
1GJD;1fcS 



1 1] 



[HI 2] 




2:ffl*Sfl^F« 
4:*V-KW 
17:*8IJB-ls/<u-* 




6:-tr><U-* 
11*/<U-* fttt 
18:SSv#AP 
19:»W*»An 
20:ffift»ttn 

22:»*l*|gAP 



(17) 



2000-164228 



(72)3B91# -3f 

w*;ii*#s?ii*uiK*j£;nrr:TB 4#» 

»*Jl|»««ffi*UIK*J2;»r:^TB 4#S& 



(72)%BJ# fPEB Hjg 

F^— 4K044 AA03 AA06 AB10 BA01 BA02 
BA06 BA08 BA10 BA18 BB02 
BC02 BC05 BC14 CA11 CA12 
CA13 CA14 CA18 
5H026 AA06 BBOO BB04 BB06 EE02 
EE08 EE 11 BH03 HH04 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^^FADED TEXT OR DRAWING 

^£2"BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



U LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




